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PREFACE. 


The  waters  of  the  State  have  been  recognized  by  the  Geological 
Survey  as  a  part  of  its  mineral  resources,  and  therefore  as  coming 
within  the  scope  of  its  investigations  and  surveys.  The  hydrography 
has  been  included  in  the  work  of  the  topographic  survey,  and  the 
surface-waters  have  been  described  in  the  first  volume  of  this  series 
of  a  final  report.  The  courses  of  the  streams  and  their  drainage 
basins  are  shown  in  detail  on  the  topographic  maps  of  the  State. 
Water  as  a  mechanical  agent  in  its  action  upon  the  surfisu^  and  in 
relation  to  important  facts  in  the  geologic  history  has  been  studied 
carefully,  and  particularly  in  the  form  of  ice  in  the  glacial  period. 

The  need  of  wholesome  water  for  household  consumption,  as  also 
good  water  for  use  in  the  arts,  has  prompted  many  icquiries  about  the 
available  sources  from  which  steady  and  abundant  supplies  of  such 
water  may  be  had,  and  the  large  number  of  these  inquiries  has 
demonstrated  the  necessity  of  gathering  all  of  the  facts  relative  to  the 
occurrence  of  waters  on  the  surface  and  in  the  earthy  and  rocky  beds 
under  it 

The  first  publication  of  the  Geological  Survey  on  the  subject  was 
in  a  chapter  on  "Water,"  in  the  "Geology  of  New  Jersey,"  1868. 
Chemical  analyses  of  the  waters  of  the  larger  rivers  of  the  State  and 
of  a  few  typical  well-waters  were  given  in  this  volume.  In  the 
annual  report  of  the  State  Geologist  for  the  year  1874  the  importance 
of  good  water  for  the  supply  of  the  cities  and  towns  of  the  State  was 
again  discussed,  and  the  Highlands  were  referred  to  as  a  desirable 
source  for  these  supplies.  In  1876  the  question  of  public  water- 
supply  for  the  cities  in  the  northeastern  part  of  the  State  was  put 
before  the  Board  of  Managers  of  the  Survey  by  the  authorities  of 
these  cities,  and  the  help  of  the  Survey  was  asked.  A  large  part  of 
the  report  for  the  year  1876  was  devoted  to  the  subject  of  water- 
eapply,  illustrated  by  a  map  of  the  Passaic  drainage  basin,  and  its 
lakes  and  sites  for  storage  reservoirs.    Many  analyses  were  given  to 
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WATER-SUPPLY. 


INTRODUCTION. 

The  task  of  prepariDg  a  report  upon  the  hydraulic  reeoaroes  of  the 
State,  which  should  be  a  hand-book  of  our  streams  and  a  guide  to 
their  utilization  for  the  supply  of  communities  in  search  of  more 
abundant  or  purer  water  for  domestic  consumption,  or  for  water- 
power  purposes,  was  first  undertaken  in  1890. 

Since  its  inception  the  Survey  has  included  these  waters  amoog  the 
natural  sources  of  wealth  which  it  was  designed  to  aid  in  the  develop- 
ment of.  In  the  Geology  of  New  Jersey,  1868,  a  short  chapter  was 
devoted  to  the  subject,  and  several  analyses  of  river  and  well-waters 
published.  In  every  annual  report  since  1874,  it  has  received  some 
attention ;  more  and  more  as  the  growth  of  our  city  population  has 
continued  at  a  rapid  rate,  and  the  demand  for  a  larger  and  better 
supply  of  water  consequently  increased.  Then,  too,  our  State  and 
local  Boards  of  fiEealth  have  become  vigilant  and  critical,  and  a  more 
general  observance  of  sanitary  laws  has  caused  the  rejection  of  sources 
once  considered  adequate. 

The  completion  of  the  topographic  survey  furnished  full  and 
accurate  data  as  to  the  size  of  water-sheds,  their  configuration,  extent 
of  forests,  facilities  for  artificial  storage  and  much  other  information 
necessary  for  the  intelligent  study  of  our  streams. 

These  conditions  of  better  facilities  for  the  work  and  steadily- 
increasing  demand  for  its  results  made  the  time  opportune  for  its 
undertaking.  The  greatest  obstacle  in  the  way  was  the  lack  of  accurate 
measurements  of  the  flow  of  our  streams  and  of  time  in  which  to 
obtain  series  of  gaugings  covering  periods  long  enough  to  embrace  a 
sufficient  range  of  rainfall  and  flow-off  to  make  deductions  therefrom 
safe  and  valuable.  Our  experience  with  such  observations  has  led 
OS  to  place  little  reliance  upon  the  results  of  one  or  two  years  taken 
alone,  although  such  short  series  may  become  valuable  when  used 
carefully  in  connection  with  longer  series  upon  other  similar  streams. 
The  oonseqpience  has  been,  first,  that  we  have  prolonged  our  investi- 
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gatioDS  beyond  the  time  originally  allotted  to  them  in  order  to  per- 
fect our  data,  and  second,  that  we  have  proceeded  to  avail  oarselves 
of  all  that  had  been  done  elsewhere  in  this  line,  which  woald  apply 
to  our  conditions.  Some  long  series  of  gaugings  on  water- sheds 
resembling  our  own  in  location  and  topographical  conditions  have 
been  collected,  re-arranged  and  are  published  for  comparison  and 
study% 

The  time  was  thought  to  be  too  brief  to  obtain  such  long  series  for 
our  own  streams,  but  we  proceeded  to  collect  such  data  as  would 
enable  us  to  compare  them  with  those  for  which  we  had  gaugings. 
Fortunately,  we  have  had  placed  at  our  disposal  records  which  have 
enabled  us  to  compute  the  flow  of  the  Passaic  for  seventeen  years, 
and  thus  to  add  a  valuable  contribution  to  the  study  of  this  subject  of 
stream- flow.  It  is  to  be  noted  that  this  Passaic  series  and  the  similar 
Croton  series  together  cover  a  period  of  over  a  quarter  of  a  century, 
and  therefore  practically  all  the  conditions  of  rainfall  which  are  likely 
to  occur  at  any  timie.  We  are  especially  fortunate  in  obtaining  so 
many  good  series  typical  of  New  Jersey  water-sheds,  and  with  the 
shorter  ones  which  we  have  from  our  own  gaugings,  we  feel  that  we 
have  quite  enough  data  for  reliable  deductions. 

From  these  long-series  observations  we  have  attempted  to  devise  a 
formula  for  computing  stream- flow  which  would  conform  to  observed 
phenomena  and  be  generally  applicable  to  all  streams,  believing  such 
a  procedure  to  be  quite  possible  and  more  practical  and  consistent 
than  any  method  of  treatment  of  the  subject  which  we  found  ready 
at  hand. 

It  is  with  much  hesitation  that  we  undertake  here  the  application 
of  a  theory  that  is  entirely  new,  but  we  must  plead  necessity  as  our 
excuse.  The  methods  which  have  prevailed  in  computing  stream- flow 
heretofore  have  not  been,  and  have  scarcely  pretended  to  be,  scientific 
and  natural.  They  do  not  follow  natural  laws.  The  fundamental 
idea  seems  to  be  that  the  amount  of  water  flowing  off  of  a  given  area 
within  any  given  period  is  some  percentage  of  the  rain  falling  upon 
that  area  in  such  a  period.  A  moment's  reflection  will  show  the  fal- 
lacy of  such  reasoning.  We  have  records  of  many  months  in  which 
the  rainfall  was  less  than  evaporation  and  not  a  particle  of  rain 
reached  the  streams,  yet  in  those  months  the  streams  continued  to 
flow  and  yield  a  substantial  amount  of  water.  Again,  we  have  many 
instances  in  our  records  of  flow,  during  the  winter  and  early  spring 
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monthsi  when  the  total  stream-flow  was  much  greater  than  the  total 
fainfally  and,  indeed|  sach  a  state  of  affairs  is  not  nncommon  for  sum- 
mer months  also.  Any  system  of  percentages  in  sach  oases  leads  to 
blonders  too  absurd  to  be  tolerated.  The  impossibility  of  making 
any  system  of  percentages  yield  results  in  accord  with  what  is  actually 
shown  in  our  tables  of  rainfall  and  flow,  forced  us  to  seek  some  more 
reliable  method  of  estimating  the  flow  of  our  streams,  and  we  hope 
that  the  results  will  find  approval.  Indeed,  our  experience  has 
taught  that  percentages  and  averages,  when  applied  to  stream-flow, 
not  only  give  erroneous  results,  but  hide  the  truths  which  would 
otherwise  be  apparent  enough.  In  consequence  we  have  carefully 
avoided  such  percentages  and  averages  in  making  oar  analyses. 

The  reader  who  has  followed  the  results  of  our  studies  in  the 
annual  progress  reports,  and  who  now  compares  them  with  the 
formulsB  and  method  adopted  in  this  book,  will  appreciate  that 
we  have  not  stumbled  upon  our  method.  It  has  been  a  slow  and 
halting  progress,  always  on  the  same  lines  but  starting  out  with  some 
natural  obscurity.  These  annual  reports  are  now  entirely  superseded 
by  this  book,  and  you  are  in  all  cases  to  accept  this  as  correct  where 
a  difference  is  noted  in  data  or  conclusions.  It  is  based  on  fuller  ob- 
servations and  a  clearer  conception  of  the  laws  of  stream-flow, 
evaporation,  demands  of  v^tation  and  quantity  and  rate  of  delivery 
of  ground-waters,  than  we  possessed  in  1890,  or  even  one  year  ago. 

Even  up  to  the  hour  of  going  to  press  the  collection  of  data  has 
proceeded,  and  we  have  found  it  necessary  to  confine  our  work  to  that 
portion  which  was  in  hand  long  enough  before  to  admit  of  its  careful 
reduction  and  analysis.  The  present  report,  therefore,  must  not  be 
considered  final  in  the  sense  that  it  is  conclusive,  and  the  results  here 
given  may  yet  be  subject  to  modification.  We  only  claim  for  them 
greater  accuracy  than  has  heretofore  been  attainable. 

We  are  also  aware  of  certain  imperfections  in  our  formulse,  some 
of  which  we  have  pointed  out  in  applying  it  and  all  of  which  we 
have  furnished  the  means  of  judging  of.  Most  of  these  imperfections 
might  be  corrected,  excepting  that  we  have  feared  to  make  the  method 
too  complicated  for  easy  practical  application. 

We  are  especially  pleased  that  the  results  as  to  the  amount  of  water 
collectible,  given  by  our  system  of  computation,  are  so  well  in  accord 
with  the  conclusions  of  the  more  conservative  hydraulic  engineers. 
Such  conclusions,  based  on  the  experience  of  a  remarkably  careful 
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and  oompeteDt  body  of  observerBi  are  not  likely  to  be  far  from  the 
truthi  and  it  is  especially  gratifying  to  have  been  able  to  verify  them 
by  a  method  which  does  no  violence  to  natural  law  in  any  of  its 
stages  of  reasoning.  We  do  differ  from  some  authorities  in  ascribing 
cauees  for  variation  in  the  yield  of  streams  for  a  given  rainfall  and 
in  other  incidental  matters ;  but  as  to  most  of  these,  they  are  not 
well  agreed,  and  we  trust  that  they  will  find  little  difficulty  in  accept- 
ing our  conclusions  as  to  such  minor  details. 

In  estimating  the  supplying  capacity  of  a  water-shed,  it  is  always 
very  important  to  be  conservative.  A  failure  of  the  supply  may  lead 
to  disastrous  results,  while  an  excess  is  always  to  be  looked  for  in 
years  of  heavy  rainfall.  Our  records  on  the  Passaic,  for  instance,, 
show  yearly  rainfalls  ranging  from  36.68  inches  to  70.88  inches,  and 
a  yield  of  the  stream  of  from  16.66  to  42.23  inches. 

With  a  very  large  reservoir  capacity,  it  might  be  thought  possible 
to  carry  over  stored  water  from  the  full  years  to  the  deficient  ones,  but 
the  danger  of  any  attempt  of  this  kind  is  well  shown  by  the  records 
of  flow  during  successive  dry  years  on  the  Croton,  Sudbury  and  Pas- 
saic. It  will  be  noted  that  frequently  the  flow  for  eighteen  consecu- 
tive months  or  so,  embracing  parts  of  two  years,  will  be  at  a  lower 
rate  than  that  shown  by  the  least  calendar  year. 

There  seems  to  be  a  tendency  towards  periods  in  rainfall  which 
exposes  us  to  the  danger  of  two  or  more  years  of  low  rainfall  coming 
in  succession,  consequently  our  basis  in  computations  of  this  character 
must  be  the  yield  for  the  driest  period. 

The  water-supply  resources  of  New  Jersey  are  excellent,  and  if 
they  are  judiciously  developed  will  support  the  needs  of  a  very  large 
population,  but  the  present  and  prospective  demands  are  also  large. 

In  1882  the  population  in  the  State  dependent  upon  systems  of 
public  water-supply  amounted  to  687,660,  using  48,923,406  gallons 
daily.  In  1894,  1,114,403  persons  were  supplied  with  107,840,361 
gallons  daily.  In  twelve  years  the  population  supplied  nearly 
doubled  and  the  consumption  of  water  had  increased  120  per  cent.  The 
per  capita  consumption  now  averages  97  gallons  daily,  and  ranges 
firom  60  gallons  in  towns  of  less  than  16,000  population  to  149  gal- 
lons in  the  city  of  Camden.  Of  the  total  supply  in  1894,  about 
8,000,000  gallons  daily  was  drawn  from  wells  and  100,000,000  from 
streams. 

The  southern  New  Jersey  cities  are  rapidly  increasing  in  size  and 
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importanoe,  and  this  subject  is  demandiDg  more  and  more  attention 
from  them,  bat  it  is  in  the  northeastern  connties  that  it  assumes  the 
greatest  importance.  This  is  not  alone  due  to  the  large  urban  popu- 
lation within  our  own  borders,  but  to  the  great  and  growing  metro- 
politan district  of  which  it  forms  a  part.  This  district  may  be  taken 
to  include  the  counties  of  Hudson,  Essex  and  Union,  with  Passaic 
northward  to  Paterson,  and  Bergen  to  Hackensack  and  Euglewood, 
in  our  own  State ;  New  York,  Kings  and  Richmond,  with  Long 
Island  City  and  Newtown  in  Queens  county,  in  the  State  of  New 
York.  Practically,  all  of  the  population  thus  included  will  soon  be 
dependent  upon  public  water-supply.  Its  magnitude  and  growth 
are  shown  in  the  following  table  compiled  from  the  United  States 
census: 


Year. 

METROPOLITAN 
DISTRICT. 

NEW   JERSEY   PORTION 
OF  SAME. 

NEW  YORK  CITY. 

• 

Population. 

Per  cent. 
increaiMf. 

Population. 

Per  cent, 
increase. 

Population. 

Per  cent, 
increase. 

1840 

453,374 
798,066 
1,376,400 
1,815,454 
2,887,910 
3,180,038 

72,404 
116,932 
224,617 
370,957 
516,192 
726,442 

316,392 
519,983 
830,869 
971,273 
1,206,299 
1,516,801 

1S50 

1860 

1870 

1880 

1890 

76.0 
72.3 
32.0 
31.5 
33.2 

61.8 
92.0 
65.0 
39.1 
40.8 

64.4 
60.0 
17.0 
24.2 
25.6 

For  the  last  three  decades  the  whole  district  has  increased  in  popu- 
lation quite  uniformly  at  the  rate  of  32.2  per  cent,  per  decade.  The 
New  Jersey  portion  has  preserved  an  increase  of  40  per  cent,  for  the 
last  two  decades.  We  may  estimate  the  future  increase  at  30  and  40 
per  cent,  respectively.    This  gives  the  following  future  population : 


Metropolitan  District. 

1900 4,134,000 

1910 5.374,000 

1920 6,986,500 

1930 9,082,000 

1940 11,807,000 

1960 15,349,000 


New  Jersey  Foition 
of  the  Same. 

1,017,000 
1,424,000 
1,993,000 
2,791,000 
3,907,000 
5,470,000 
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The  present  consumption  in  this  district  averages  closely  100  gal- 
lons daily  per  capita.  At  this  rate^  the  whole  supply  needed  will 
amoant  to  1,600,000,000  gallons  daily  by  1950.  Oar  investigations 
show  that  the  supplying  capacity  of  the  neighboring  water- sheds  for 
the  driest  year  does  not  exceed  14  inches  of  rainfall.  This  amounts 
to  practically  two-thirds  of  a  million  gallons  daily  for  each  square 
mile  of  water- shed,  and  the  above  demand  will  require  the  total  yield 
of  2,250  square  miles  of  water- shed,  the  equivalent  of  three  streams 
as  large  as  the  Passaic  above  Paterson. 

While  the  demand  thus  increases,  the  supply  of  pure  and  whole- 
some water  near  at  hand  decreases  because  of  the  encroachments  of 
population  and  its  attendent  defilement  of  streams.  This  whole  area 
must  shortly  be  supplied  from  sources  without,  and  it  is  the  consider- 
ation of  these  facts  which  has  led  to  investigation  of  available  sources 
of  supply. 

This  great  prospective  demand  for  potable  waters  and  wholesome 
gathering- grounds  in  the  vicinity  of  our  northeastern  cities  is  of 
interest  to  our  citizens,  but  they  are  even  more  directly  concerned 
with  the  demand  which  will  arise  within  our  own  borders.  By  1960" 
our  estimate  shows  that  the  New  Jersey  portion  of  this  population 
will  itself  require  a  supply  of  647,000,000  gallons  daily,  or  the  total 
yield  of  820  square  miles  of  drainage  area.  It  will  not  be  an  easy 
matter  to  find  so  much  water  as  this  without  going  to  the  Delaware 
river  or  its  tributaries.  Since  fifty  years  cannot  be  considered  a  long 
time  in  the  future  for  which  to  make  provision,  it  is  evident  that  the 
time  has  come  for  us  to  know  what  our  resources  are  and  to  provide 
for  their  preservation  and  wise  development 

Our  Highland  water- sheds,  to  which  we  call  attention  more  fully 
hereafter,  must  be  the  first  source  from  which  this  demand  is  to  be 
met.  #  They  lie  convenient  to  the  metropolitan  district,  at  a  sufficient 
elevation  for  delivery  of  their  waters  by  gravity,  are  not  populous^ 
have  just  the  right  amount  of  forest,  geological  and  topographical 
conditions  favorable  to  purity,  and  if  they  could  be  preserved  in  their 
present  favorable  condition  would  form  in  all  respects  an  ideal 
gathering-ground.  They  have  already  begun  to  be  utilized,  and 
every  succeeding  decade  must  see  a  more  rapid  advance  in  their  devel- 
opment   They  are  also  threatened  at  points  with  pollution. 

Their  protection  and  conservation  for  the  future  needs  of  the  State 
aeem  to  be  merited  by  their  unusual  excellence. 


WATER-SUPPLY.  7 

The  present  report  deals  largely  with  the  pecaliarities  of  our  water- 
sheds favorable  or  unfavorable  to  purity  rather  than  with  chemical 
analyses  to  indicate  the  fitness  of  streams  for  water-supply.  The 
examination  of  a  water- shed  will  reveal  to  the  experienced  eye  its 
fitness  or  unfitness  for  such  purpose,  and  will  indicate  what  analyses 
may  be  expected  to  reveal.  Such  analyses,  in  order  to  be  reliable 
indications  of  the  quality  of  a  stream,  should  be  taken  at  intervals 
throughout  at  least  one  year.  A  water- shed  may  show  upon  exam- 
ination elements  of  danger  which  no  careful  sanitarian  can  ignore,  yet 
one  or  two  analyses  may  fail  to  indicate  the  presence  of  anything 
deleterious  in  the  waters.  If,  on  the  other  hand,  the  examination  of 
a  water-shed  shows  conditions  naturally  favorable  to  purity,  yet  a 
given  analysis  reveals  elements  of  danger,  it  will  usually  be  found 
that  these  are  traceable  to  accidental  or  artificial  causes  which  are 
within  the  reach  of  ordinary  remedies.  In  brief,  we  cannot  make  up 
for  the  lack  of  general  conditions  favorable  to  purity.  Such  condi- 
tions are  usually  permanent,  and  their  presence  or  absence  is  of  first 
importance  in  selecting  a  source  of  public  water-supply.  For  this 
reason  we  have,  in  general,  considered  it  preferable  to  leave  chemical 
and  microscopical  examinations  to  be  made  as  they  are  needed. 

We  have  published  a  collection  of  chemical  analyses  and  have  sup- 
plemented these  by  a  few  made  especially  for  this  report,  but  the 
principal  aim  in  view  has  been  not  to  detect  or  indicate  pollution,  but 
rather  to  give  a  good  idea  of  the  chief  chemical  characteristics  of  our 
stream-waters  in  their  natural  state,  and  of  those  known  to  be  badly 
polluted.  The  whole  is  designed  as  a  general  guide  to  which  future 
analyses  may  be  referred,  or  for  purposes  of  comparison  of  various 
classes  of  streams. 

In  this,  as  in  all,  the  report  deals  primarily  with  the  natural 
resources  of  the  State,  without  attempting  any  examination  or  criti- 
cbm  of  existing  systems  of  public  water-supply.  Where  the  streams 
are  known  to  have  become  dangerously  contaminated  or  to  be  seriously 
threatened  attention  is  called  to  the  fact,  but  conditions  of  population 
and  sources  of  contamination  are  undergoing  so  rapid  a  change  in 
many  parts  of  the  State  that  chemical  or  microscopic  analyses,  how- 
ever elaborate,  made  now  are  almost  sure  to  become  valueless,  and 
may  become  misleading  a  few  years  hence. 

Next  to  the  subject  of  water-supply  comes  that  of  water-power. 
There  are  many  reasons  why  a  study  of  these  two  should  go  hand  in 
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handy  but  foremost  are  the  facts  that  both  need  the  investigation  of 
amoant  of  available  stream-flow  and  that  the  two  interests  come  con- 
tinually into  conflict.  Such  an  investigation  must  be  an  aid  in  deter- 
mining  the  proper  status  and  importance  of  each  and  in  directing 
their  development  on  lines  which  will  reduce  the  probability  of  serious 
interference.  The  water-power  interests  of  the  State  have  never  be- 
fore received  much  attention.  For  a  time  an  impression  prevailed 
that  water-power  had  passed  its  day  of  usefulness,  and  pi'operty  of 
this  character  was  depreciated  in  consequence.  The  error  of  this  is 
demonstrated  by  the  results  of  our  canvass  of  the  water- powers.  The 
amount  of  water-power  in  use  has  never  been  as  great  as  at  present 

Taking  the  census  figures  for  1870  and  1880,  and  comparing  them 
with  our  own,  we  have : 

1870.        1880.       1890-91. 
Net  H.  P.    Net  H.  P.    Net  H.  P. 

Total  power  in  use. 26,832  27,066  30,870 

Flouring  and  grwt-milU 11,108  12,183  12,880 

Saw-mills,  Ac 3,903  4,086 

This  shows  a  small  but  steady  increase  in  each  decade,  amounting 
in  the  last  to  14  per  cent.  It  does  not  show  the  real  changes  which 
have  taken  place,  for  there  has  been  a  steady  loss  of  small,  inefficient 
water-powers,  which  had  to  be  made  good  by  the  construction  of 
larger  and  better- equipped  plants.  Many  small  saw  and  grist-mills 
have  thus  been  abandoned,  the  former  because  of  scarcity  of  timber, 
and  the  latter  from  the  competition  of  large,  well-equipped  modem 
mills.  Where  the  stream  is  of  sufficient  capacity,  these  large  plants 
are  erected  upon  the  sites  of  the  small  mills ;  otherwise  these  sites  are 
abandoned  and  new  ones  developed. 

It  is  the  existence  of  many  of  these  small,  insignificant,  abandoned 
water-powers  which  has  given  rise  to  the  impression  that  the  use  of 
water-power  is  decreasing.  The  fact  has  been  overlooked  that  a 
single  water-power  plant  such  as  that  of  the  Dundee  Water-Power 
and  Land  Company,  at  Passaic,  is  equal  to  all  of  the  abandoned 
forge-powers  in  the  State.  The  two  efficient  plants  recently  erected 
on  the  Musconetoong  by  the  Warren  Paper  Company,  with  700  net 
horse-power,  are  equal  in  power  to  thirty  of  the  abandoned  saw- mill 
powers.  Water-power  is  not  falling  into  disuse  in  New  Jersey ;  on 
the  contrary,  it  is  being  used  more  efficiently  than  ever  before.  The 
cordial  sympathy  and  interest  which  the  owners  and  users  of  water- 
power  have  shown  in  our  work,  and  the  substantial  aid  wbich  they 
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have  given,  show  that  they  feel  the  need  of  sach  an  investigation  as 
has  been  undertaken. 

The  above-mentioned  considerations,  and  the  fact  that  the  increas- 
ing use  of  electricity  and  possibilities  of  electric  transmission  of 
power  are  opening  up  new  fields  for  its  use,  make  the  time  peculiarly 
auspicious  for  laying  before  the  public  a  statement  of  our  water- 
power  resources,  and  calling  special  attention  to  our  large,  unde- 
veloped powers.  Indeed,  at  the  time  of  this  writing  experiments 
are  being  made  in  transmitting  power  electrically  for  the  propulsion 
of  boats  on  the  Erie  canal,  and  a  large  plant  is  being  installed  for 
transmitting  the  power  of  Niagara  Falls  for  use  in  the  shops  and 
manufactories  of  Buffalo,  in  our  neighboring  State. 

If  the  unused  water-power  of  our  State  can  be  transmitted  to  our 
great  manufacturing  centers  to  drive  machinery,  or  applied  to  the 
propulsion  of  cars  in  the  streets  of  our  cities,  a  distinct  economic  gain 
will  result  as  surely  as  from  the  development  of  our  mineral  or  agri- 
cultural resources.  An  inquiry  for  water-power  will  certainly  follow 
the  application  of  electric  transmission,  and  we  look  for  a  marked 
impetus  to  be  given  to  its  utilization. 

We  have  no  disposition  to  ignore  the  limitations  of  water-power, 
or  to  claim  for  it  more  than  its  just  due.  Competition  and  the  pre- 
vailing tendency  to  lower  prices  call  loudly  for  economies  in  cost  of 
production,  and  cheap  power  may  play  an  important  part  in  the 
future  of  some  of  our  industries.  We  have  presented  the  bald  facts 
as  to  the  available  power  of  our  streams,  and  believe  that  the  preven- 
tion of  unwarranted  expectations  is  as  great  an  aid  to  future  develop- 
ment as  the  presentation  of  the  resources.  Those  who  are  competent 
to  properly  weigh  the  facts  presented,  and  apply  them  to  their  own 
particular  case  intelligently,  will  probably  be  able,  now  and  then,  to 
discover  and  avail  themselves  of  substantial  advantages  in  the  use  of 
this  kind  of  power.  These  will  welcome  this  aid  to  a  correct  deci- 
sion. It  is  only  such  intelligent  and  well-directed  enterprise  which 
will  permanently  promote  the  use  of  water-power  and  advance  the 
interests  of  the  State. 

Besides  the  application  of  the  studies  here  made  to  the  uses  indi- 
cated by  our  title,  we  may  mention  that  such  an  investigation  should 
be  a  direct  aid  in  designing  drainage  or  irrigation  works,  in  control- 
Ibg  floods  or  building  bridges. 

The  main  facts  as  to  the  estimated  flow  of  the  various  classes  of 
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streams  are  presented  in  Tables  No.  51  to  No.  61  A,  inolasive.  To 
apply  these  to  any  partienlar  stream  of  the  class  at  any  given  pointy 
it  is  only  necessary  to  know  the  area  drained  by  the  stream,  expressed 
in  square  miles,  and  to  apply  this  as  a  multiplier  to  the  flow  there- 
given  in  thousand  gallons  daily  per  square  mile,  or  the  horse-power 
per  square  mile  on  one  foot  fall,  to  ascertain  the  capacity  of  the 
stream  considered.    Many  such  areas  are  given  in  Appendix  II. 

As  we  have  already  remarked,  this  report  is  intended  to  be  a  prac- 
tical hand-book  of  the  streams  of  the  State.  The  flow  of  streams^ 
however,  is  merely  one,  and  rather  an  incidental  one  at  that,  of  & 
chain  of  related  phenomena.  It  is  nature's  way  of  removing  the 
surplus  rainfall  after  evaporation  and  plant-growth  have  been  sup- 
plied. Any  rational  discussion  of  stream -flow,  therefore,  must  begin 
with  a  determination  of  the  amount  of  rainfall,  and  must  next  ascer* 
tain  the  laws  of  evaporation  and  the  amount  of  water  thus  disposed 
of,  as  well  as  the  amount  required  by  vegetation  at  different  seasons, 
and  the  absorption  and  delivery  of  ground- waters.  As  each  of  these 
subjects  has  a  wide  and  important  bearing  outside  of  the  immediate 
field  of  our  report,  it  follows  that  incidentally  a  thorough  investiga- 
tion of  our  subject  must  throw  light  upon  other  important  economic 
and  scientific  questions.  We  regard  the  accurate  ascertainment  of  the 
relations  of  rainfall,  temperature,  evaporation  and  ground-water  de- 
pletion, such  as  is  attempted  by  our  formulse,  as  almost  as  important 
to  agriculture,  forestry,  climatology,  and  possibly  hygiene,  as  it  is  to 
the  subject  of  this  report,  but  we  have  gone  no  farther  herein  than  to 
incidentally  suggest  these  applications. 

It  would  be  a  pleasure  to  be  able  to  acknowledge  our  indebtedness* 
to  all  those  who  have  so  cordially  aided  us  in  our  work,  directly  and 
indirectly,  but  we  find  it  impossible  to  do  so.  Many  prominent 
hydraulic  engineers  have  contributed  data,  most  of  the  users  of  water- 
power  in  the  State  are  entitled  to  our  thanks,  and  there  has  been  a 
general  disposition  to  aid  and  encourage  our  investigations. 

Messrs.  Cyrus  F.  Sproul,  Asher  Atkinson,  Peter  D.  Staats,  Greorge 
E.  Jenkins  and  D.  H.  McLaury  have  assisted  in  gauging  and  collect- 
ing data,  and  Mr.  J.  R.  Prince  has  prepared  the  maps  and  diagrams 
and  done  much  of  the  mathematical  work.  The  collation  of  data 
collected,  the  reduction  of  gaugings  and  comparison,  arrangement  and 
re-arrangement  of  measurements  of  flow  and  rainfall  necessary  to  dis- 
cover the  laws  governing  the  flow  of  streams,  has  been  a  labor  of 
great  detail,  most  of  which,  of  course,  does  not  appear  in  the  results* 
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THE  LAWS  WHICH  GOVERN  STREAM-FLOW. 

Ab  a  preliminary  step  to  any  intelligent  study  of  the  flow  of 
streams,  we  most  consider  the  causes  which  give  rise  to  the  phenom- 
enon. 

The  waters  of  the  earth  are  taken  up  by  the  process  which  we  call 
evaporation  and  formed  into  clouds,  to  be  again  precipitated  to  earth 
in  the  form  of  rain  or  snow.  Of  the  water  which  falls  upon  the 
basin  of  a  stream,  a  portion  is  evaporated  directly  by  the  sun ;  another 
large  portion  is  taken  up  by  plant-growth  and  mostly  transpired  in 
vapor ;  still  another  portion,  large  in  winter  but  very  small  in  summer, 
finds  its  way  over  the  surface  directly  into  the  stream,  forming  surface 
or  flood- flows ;  finally,  another  part  sinks  into  the  ground  to  replenish 
the  great  reservoir  from  which  plants  are  fed  and  stream- flows  main- 
tained during  tie  periods  of  slight  rainfall,  for  the  rainfall  is  fre- 
quently, for  months  together,  much  less  than  the  combined  demands 
of  evaporation,  plant- growth  and  stream- flow.  These  demands  are 
inexorable,  and  it  is  the  ground-storage  which  is  called  upon  to  supply 
them  when  rain  fails  to  do  so. 

All  of  these  ways  of  disposing  of  the  rain  which  falls  upon  the 
earth  may  be  classed  as  either  evaporation  or  stream-flow.  Evapora- 
tion we  make  to  include  direct  evaporation  from  the  surface  of  the 
earth,  or  from  water- surfaces,  and  also  the  water  taken  up  by  vegeta- 
tion, most  of  which  is  transpired  as  vapor,  but  a  portion  of  which  b 
taken  permanently  into  the  organisms  of  the  plants.  Stream-flow 
indudes  the  water  which  passes  directly  over  the  surface  to  the 
stream,  and  also  that  which  is  temporarily  absorbed  by  the  earth  to 
be  slowly  discharged  into  the  streams.  A  portion,  usually  extremely 
small,  passes  downward  into  the  earth  and  appears  neither  as  evapora- 
tion nor  as  stream- flow.  It  is  usually  too  small  to  be  considered,  and 
we  may  for  our  purposes  assume  that  all  of  the  rain  which  falls  upon 
a  given  water-shed  and  does  not  go  ofi^  as  stream-flow  is  evaporated, 
uaiDg  the  latter  word  in  the  broadened  sense  which  we  have  above 
described. 

We  therefore  have  to  consider  first  rainfall  as  the  source  of  supply, 
and  secondly  evaporation  and  stream-flow  as  the  demand  to  be  sup- 
plied. 
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RAINFALL. 

The  best  soaroe  of  information  as  to  the  rainfall  of  the  State  is  the 
Climatology,  pablished  by  the  Survey  in  1888,  which  contains  col- 
lections of  all  data  obtainable  to  that  date.  The  State  Weather  Ser- 
vice now  publishes  monthly  bulletins  and  yearly  reports,  giving  the 
rainfall  by  days  at  some  fifty  stations.  This  work  has  been  of  the 
greatest  assistance  in  connection  with  our  recent  gaugings,  and  when 
it  is  continued  long  enough  we  shall  have  much  more  accurate  knowl- 
edge as  to  the  distribution  of  rainfall  than  we  have  at  present.  Much 
information  has  also  been  promptly  furnished  us  by  the  United 
States  Weather  Bureau.  The  records  given  in  the  Climatology,  sup- 
plemented by  later  data  now  obtainable,  have  furnished  the  basis  of 
our  conclusions  as  to  rainfall  for  use  in  this  report.  The  long  series 
of  rainfall  tables  published  at  the  end  of  this  chapter  we  regard  as 
more  valuable  to  the  hydraulic  engineer  than  averages  or  deductions. 
These  we  shall  make,  however,  for  simplicity  in  generalization. 

A  careful  study  of  these  long  series  shows  a  strong  tendency  to 
cycles  of  high  and  low  precipitation.  We  are  likely  to  have  a  period 
of  years  of  high  average  rainfall,  followed  by  a  low  period.  We  see 
at  once  that,  under  these  conditions,  differences  shown  by  comparing 
a  series  of  eight  or  ten  years'  length  at  one  station  with  a  fifty  or 
fiixty-year  series  at  another,  may  be  entirely  differences  of  time  and 
not  of  place. 

Plate  I.  shows  this  clearly.  The  annual  rainfall  is  here  plotted  by 
taking  for  each  year  the  average  of  that  year,  the  preceding  and  the 
following  year.  Curves  thus  obtained  are  slightly  smoothed  out,  but 
in  no  case  departed  from  by  more  than  one  inch  in  annual  rainfall. 
These  type  curves  show  unmistakably  the  tendency  of  which  I  have 
spoken.  They  cover  69  years  at  Philadelphia,  61  years  at  Troy,  58 
years  at  New  York,  50  years  at  Newark  and  shorter  periods  at  the 
other  stations. 

While  the  maxima  and  minima  do  not  always  agree  in  time  at  dif- 
ferent stations,  it  is  nevertheless  clear  that,  upon  the  whole,  it  is  safest 
to  compare  cotemporaneous  periods  if  we  wish  to  ascertain  the  rela- 
tive rainfall  at  two  or  more  stations.  I  have  consequently  proceeded 
upon  this  plan  in  deducing  rainfall  averages  for  the  several  sections 
of  the  State. 

This  diagram  shows  clearly,  also,  the  danger  of  placing  too  much 
confidence  upon  observations  at  a  single  rainfall  station.    The  Lake 
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Hopatoong  record  has  been  mach  quoted  as  indicating  the  rainfall  of 
our  Highland  region,  but  the  carve  shows  that  while  most  of  the 
other  stations  were  showing  more  than  average  rainfaIIS|  at  about 
1863,  Lake  Hopatoong  was  passing  through  a  remarkably  dry  period. 

If  we  compare  the  average  rainfall  at  this  station  daring  the  24 
years  covered  by  its  record  with  the  average  at  New  York  for  the 
same  time  we  find  it  8  inches  less,  and  it  is  4.2  inches  less  than  Phila- 
delphia. The  curve  of  Plate  I.  strongly  suggests,  however,  that  this 
relation  might  be  reversed  during  another  period,  and  undoubtedly  it 
is  not  safe  to  judge  the  rainfall  of  any  considerable  part  of  the  High- 
lands by  this  record  alone. 

It  might  be  interesting  to  trace  the  reasons  why  these  variations 
occur,  such  as  the  effect  of  the  prevailing  direction  of  the  wind  upon 
the  exposure  of  a  given  station,  especially  in  hilly  regions,  but  such 
matters  are  beyond  the  scope  of  this  report.  Study  of  cotemporaneoue 
records  convinces  me  that  this  variation  is  purely  local — too  local  to 
affect  the  yield  of  even  a  small  water- shed  appreciably. 

Plate  I.  is,  finally,  useful  in  pointing  out  the  danger  of  basing  con- 
clusions upon  a  short  series  of  rainfall  or  stream- flow  observations 
without  referring  such  observations  to  some  long-period  series  with 
which  it  is  comparable. 

We  see  here  that  the  ratio  between  the  three  series  at  New  York 
Newark  and  Philadelphia  varies  with  different  periods.  The  vari- 
ation between  places  as  near  as  New  York  and  Newark,  even,  is  very 
considerable.  This  warns  us  that  our  next  hypothesis  may  not  be 
strictly  accurate.  It  is  that  the  ratios  here  shown  between  each  place 
and  the  average  of  New  York  and  Newark  for  the  period  of  observa- 
tion will  be  preserved  for  the  fifty  years  covered  by  the  cotempo- 
raneous  observations  at  New  York  and  Newark.  Nevertheless  this 
supposition  will  eliminate  the  error  arising  from  comparing  periods 
not  ootemporaneous  and  of  unequal  length,  and  will  thus  lead  us  as 
near  the  truth-  as  we  can  get  from  the  light  we  now  have.  It  is  on 
this  hypothesis  that  we  have  computed  the  average  annual  precipita- 
tion for  each  place  shown  in  the  last  column  of  Table  No.  1. 

We  have  grouped  these  places  as  follows  in  order  to  determine  the 
average  annual  precipitation  for  various  sections  of  the  State,  and 
when  so  grouped  certain  well-defined  differences  of  rainfall  appear : 

The  SeaooaaL — This  includes  stations  Sandy  Hook,  Barnegat, 
Atlantic  City,  Cape  May  and  Norfolk,  Va.  Atlantic  City  shows  a 
lower  rainfall  than  the  others,  and  this  we  consider  purely  local. 
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TABIiB   No.  1. 

Annual  Preoipitation  for  Ootemporaneous  Periods,  With 
Deduced  Average  Annual  Preoipitation. 


Time  covered  bj 
record. 

Average  annual 
precipitation. 

PEECIPITATION 
DURING  SAME  PE- 
RIOD  AT— 

iuced 
ork  and 

les. 

PLACE. 

u 
O 

I 

iZi 

i 

^     1 

1 

s  g  ^ 

>  0  0) 

New  York 

1836-1892 
1843-1892 
1854-1892 
1866-1880 
1798-1866 
1825-1892 
1836-1887 
1874-1886 
1874-1883 
1874-1885 
1863-1887 
1872-1882 
1866-1886 
1874-1887 
1871-1885 
1864-1873 
1870-1881 
1870-1891 
1884-1892 
1884-1892 
1884-1892 
1884-1892 
1878-1889 
1869-1876 
1878-1887 
1871-1892 
1846 -1869 
1882-1886 
1880-1884 
1867-1891 
1882-1891 
1851-1860 
1877-1892 
1868-1881 
1871-1878 
1875-1890 

46.12 
46.68 
46.90 
47.55 
43.66 
43.35 
41.98 
51.08 
46.73 
48.31 
43.23 
46.76 
48.27 
42.55 
47.10 
41.53 
43.95 
52  20 
49.32 
49.22 
51.46 
49.34 
43.55 
44.09 
44.62 
48.64 
42.54 
44.86 
42.39 
44.20 
4317 
47.79 
46.77 
44.64 
43.84 
45.80 

46.12 
46.18 
46.64 
46.02 

44.11 
43.77 
43.00 
4401 

46.12 

Newark. 

46.68 
47.26 
48.21 

46.62 

New  Brunswick 

46.43 

Trenton 

46.92 

MorriPvUle,  Pa.. ............. .r^.. ....... 

PhiladelDhia.  Pa....... 

43.35 
44.47 
38.54 
39.09 
38.65 
42.76 
41.40 
42.18 
38.80 
40.66 
47.61 

44.11 

Baltimore.  Md 

'45.05 
4299 
41.17 
42.68 
46.82 
42.40 
45.54 
43.25 
43.60 
50.79 
42.52 
45.08 
48.33 
48.33 
48.88 
48.33 
45.71 
44.86 
43  68 
52.18 
50.49 
45.93 
43.91 
44.78 
48.14 
48.22 
45.08 
44.27 
44.88 
45.22 

42.83 

Sandy  Hook 

46.00 
45.85 
45.82 
47.41 
47.00 
47.40 
46.33 
46.69 
48.87 

53.39 

Freehold 

49.73 

Bamegat 

50.66 

Moorestown 

44.71 

Atco 

47.54 

Vineland 

48.28 

Atlantic  Citv 

44.16 

CaDe  May 

48.43 

^""f^  ***••/ ................................... 

Oreenwich 

39.04 

Dover,  Del 

45.73 

Norfolk.  Va 

48.46 
50.19 
50.19 
50.19 
50.19 

40.90 
89.33 
39.33 
39.33 
39.33 

51.91 

Perkiomen  Water-Shed.  Pa 

46.54 

Neshamioy  \Vater-8hed,  Pa............ 

46.44 

Tohickon  Water-Shed.  Pa. 

48.68 

Easton,  Pa 

46.56 

Bethlehem,  Pa 

43.00 

New  Germantown 

48.30 
45.86 
55.85 
45.31 

45.84 
40.94 
46.90 
46.75 

44.24 

Somerville 

46.33 

South  Orange 

43.03 

Lake  Hopatcong 

41.73 

Newton 

45.00 

Port  Jeryis 

43.69 

37.62 

45.08 

Bloomin&r  Grove,  Pa 

44.28 

Honesdale.  Pa 

50.35 
44.87 
48.13 
47.67 
48.96 
48.20 

40.40 

Liberty.  N.  Y 

48.23 

Passaic  Water-Shed 

"38.19 

46.65 

Oroton  Water-Shed 

45.15 

Connecticut  Water-Shed 

43.40 

Sudbury  Water-Shed 

45.58 

Bearing  in  mind  that  Atlantic  City  has  between  it  and  the  mainland 
six  miles  of  meadow  and  bays^  this  station  may  represent  rather  sea- 
ward than  ooast-line  rainfall.  The  other  stations  range  well  with  onr 
average. 

Btndkem  Divide. — ^This  includes  stations  Freehold,  Atoo  and  Vine- 
land. 
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Lower  DeUxware  Region. — Includes  Philadelphia,  Moorestown, 
Oreenwioh  and  Dover,  Del.  ' 

Centred  Delaware  Valley. — Incladee  Philadelphia,  Trenton,  Ne- 
«haminy  water-shed,  Tohickon  water-shed,  Easton  and  Bethlehem. 

Bed  Sandstone  Plain. — Inclades  Trenton,  Neshaminy  and  Perkio- 
men  water-sheds,  New  Brunswick,  Somerville,  New  Germantown, 
Newark,  South  Orange,  Passaic  water-shed.  New  York.  These  sta- 
tions show  annual  precipitation  ranging  close  to  our  average. 

HigfUande  and  KiUaiinny  FaJ!Zey .—rStations  Easton,  Bethlehem, 
Port  Jervis,  Newton,  Lake  Hopatcong,  New  Germantown  and  South 
Orange  are  included  in  this  region. 

Upper  Delaware  Valley. — This  includes  stations  Easton,  Bethlehem, 
Newton,  Port  Jervis,  Blooming  Grove,  Honesdale  and  Liberty. 

As  to  the  distribution  of  rainfall  by  seasons  and  months  our  data 
are  not  sufficient  for  very  refined  deductions,  nor  is  it  likely  that  we 
are  to  be  better  informed  in  the  near  future.  It  is  safe  to  say  that 
the  monthly  and  seasonal  ratios  are  likely  to  change  from  year  to 
year  until  our  records  cover  much  longer  periods  than  they  do  at 
present  We  have  arranged  the  following  table,  showing  the  per- 
<»ntageB  of  precipitation  falling  in  each  season,  as  shown  by  records 
at  hand.  It  is^noticeable  that  the  longer  series  harmonize  better  than 
the  shorter : 


Peroentafire  of  Annual  Precipitation  Falliufir  in  Baoh  Season. 


Years  of 
record. 

a. 
QQ 

• 

a 

B 

s 

QQ 

• 

c 

a 

s 

••J 

< 

a 

New  York. 

67 
45 
34 
45 
68 
52 
13 
10 
21 
12 
14 
14 
12 

6 
24 

8 
27 

per  cent 

25 

25 

25 

25 

24.5 

25 

27 

21 

23 

22 

23 

22 

22 

25 

25 

24 

24 

per  cent. 

28 

28 

30 

27 

28.5 

28 

26 

30 

27 

25 

27 

26 

31 

29 

28 

26 

32 

per  cent. 
23.5 
23.6 
23 
27 
23.5 
24 
23 
25 
23 
26 
23 
24 
22 
21 
27 
25 
24 

per  cent. 
23.6 

Newark 

28.5 

New  Branswick 

22 

Morrisville,  Pa 

21 

Philadelphia,  Pa 

23.6 

Baltimore. 

23 

SandjHook 

24 

Atoo 

24 

Vineland 

27 

Bam^^t 

27 

Cape  May 

27 

AtUmticCity 

28 

BeUilehem.  Pa. 

26 

Port  Jervis,  N.  Y 

26 

Lake  Hopatcong 

20 

Ooahen,  N.  Y 

26 

Blooming  Orove,  Pa 

20 
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ArrangiDg  these  in  groaps,  we  find  the  distribution  for  the  several 
districts  to  be  as  follows : 


Seacoast  

Southern  divide 

Delaware  bay 

Central  Delaware  valley 

Red  sandstone  plain 

Highlands  and  Kittatinny  valley. 


Spring. 

Summer. 

Autumn. 

per  cent. 

per  cent. 

per  cent. 

22 

27 

24 

22 

27 

24 

25 

28 

23.5 

25 

28 

23.5 

25 

28 

23.5 

24 

28 

24 

Winter. 

per  cent^ 

27 

27 

23.5 

23.5 

23.5 

24 


At  first  sight  we  seem  to  have  a  marked  difference  of  distribution 
by  seasons,  but  here  again  we  find  it  to  be  rather  a  difference  of 
period  tban  of  locality.  The  records  for  the  Seacoast  and  Southern 
divide  cover,  mainly,  years  from  1870  to  1887,  and  the  New  York 
record  for  this  period  shows  about  the  same  distribution,  varying^ 
greatly  from  the  average  of  the  New  York  series.  On  the  whole,  we 
shall  be  nearer  the  truth,  probably,  if  we  accept  the  distribution 
shown  by  the  long  New  York  and  Philadelphia  series  as  correct  for 
all  of  our  State.    This  gives  us  Table  No.  2. 

An  examination  of  the  results  given  in  this  table  shows  a  gradual 
decrease  of  rainfall  as  we  proceed  inland.  The  range  is  from  49.70 
inches  on  the  seacoast  to  44.09  in  the  Highlands  and  Kittatinny 
valley,  and  43.25  for  the  Lower  Delaware  region.  The  rainfall  of 
the  Baritan  water-shed  is  assumed  to  be  the  same  as  that  of  the  Red 
sandstone  plain,  that  of  the  Passaic  a  mean  of  this  and  the  High- 
lands, that  of  the  Coast  streams  a  mean  of  the  Seacoast  and  Southern 
divide,  that  of  the  branches  of  the  Delaware  below  Camden  a  mean 
of  the  Southern  divide  and  Lower  Delaware,  and  that  of  the  branoheB> 
of  the  Delaware,  Camden  to  Trenton,  a  mean  of  the  Southern  divide 
and  Central  Delaware  valley. 

Even  more  important  than  the  average  rainfall  are  the  least  rainfall 
and  that  of  ordinary  dry  years.  A  study  of  available  data  convinces 
us  that  we  must  expect  in  all  parts  of  the  State  occasional  droughts 
as  severe  as  those  shown  in  the  Philadelphia  and  New  York  records. 
Such  droughts  appear  to  be  confined  to  rather  limited  areas  and  it  ia 
probably  true  that  water-sheds  exceeding  from  75  to  100  square 
miles  in  extent  will  never  be  visited  by  quite  such  severe  ones,  but  in 
order  to  include  the  smaller  areas  and  be  always  on  the  safe  side  we 
must  assume  a  minimum  as  small  as  that  of  the  driest  periods  of  these 
records.  For  convenience  of  future  reference,  and  as  an  aid  in  Eelect- 
ing  the  driest  period,  we  have  prepared  Table  No.  3. 
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TABLB   No.  8. 


Dry  Periods— New  York  and   Philadelphia  RainfiaJl. 


^ew  York,  August,  1842,  to  July,  1843 

New  York,  January  to  December,  1836 

Philadelphia,  January  to  December,  1825.. 

New  York,  January  to  December,  1840 

New  York,  September,  1842,  to  July,  1843. 

New  York,  January  to  November,  1836 

Philadelphia,  January  to  November,  1825.. 
New  York,  February  to  December,  1840.... 

New  York,  October,  1842,  to  July,  1843 

Philadelphia,  March  to  December,  1881 

New  York,  January  to  October,  1886 

Philadelphia,  January  to  October,  1825 

New  York,  November,  1842,  to  July,  1843.. 

Philadelphia,  April  to  December,  1881 

Philadelphia,  October,  1879,  to  June,  1880.. 

New  York,  January  to  September,  1849 

New  York,  December,  1842,  to  July,  1843... 

Philadelphia,  April  to  November,  1881 

New  York,  April  to  November,  1881 

Philadelphia,  October,  1879,  to  May,  1880.. 

New  York,  January  to  July,  1843 

Philadelphia  April  to  October,  1881 

New  York,  January  to  July,  1849 

New  York,  April  to  October,  1881 

New  York,  February  to  July,  1843 

Philadelphia,  April  to  September,  1881 

New  York,  July  to  December,  1881 

Philadelphia,  January  to  July,  1880 

New  York,  July  to  November,  1881 

New  York,  March  to  July,  1843 

New  York,  January  to  May,  1836 

Philadelphia,  July  to  November,  1881 

New  York,  July  to  October,  1881 

New  York,  April  to  July,  1843 

Philadelphia,  July  to  November,  1881 

New  York,  April  to  July,  1849 

Philadelphia,  July  to  September,  1881 

New  York,  July  to  September,  1881 

New  York,  May  to  July,  1843 

New  York,  January  to  March,  1836. 


OD 

a 
o 

a 


B 

p 

5Z5 


12 

12 

12 

12 

11 

11 

11 

11 

10 

10 

10 

10 

9 

9 

9 

9 

8 

8 

8 

8 

7 

7 

7 

7 

6 

6 

6 

6 

5 

5 

5 

5 

4 

4 

4 

4 

3 

3 

3 

3 


TOTAL  BAINFAIX  FOB 
PEBIOD. 


i 

X 


25.48 


22.67 


20.57 


16.27 


14.47 


13 

a 


11.97 


9.97 


7.04 


4.68 


3.08 


27.67 


25.27 


21.79 


.ft 


17.96 


15.32 


13.30 


10.26 


7.67 


5.54 


3.08 


29.57 


25.85 


23.37 


18.59 


t: 

I 


29.80 


27.96 


24.49 


16.54 


14.04 


11.22 


7.70 


6.12 


3.40 


20.22 


16.92 


14.18 


12.11 


8.14 


6.30 


J     4.41 
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We  find  the  year  1842-1843  the  drieet  for  all  perioda  from  six 
faonthe  npward,  while  for  five  moDths  or  leas  the  year  1881  stands 
tirst,  and  ocxmpies  aeoond  place  from  six  to  ten  moathe.  If  we  accept 
the  reoordfl  aa  of  eqnal  aocnraoy  and  weight,  the  drieet  year  of  the 
series  most  be  taken  to  be  from  Angost,  1842,  to  Jaly,  1843.  This 
year  is  shown  to  be  dry  by  both  the  New  York  and  the  Philadelphia 
record,  and  it  was  also  very  dry  by  common  repute.  The  olaime  for 
the  yeare  1826,  1836,  1840  and  1849  are  not  bo  well  establiflhed. 
There  ia  a  sospioion  that  in  some  of  theee  oaaee  the  dronghts  were 
{inrely  looal,  and  in  others  that  the  recnrda  are  lees  reliable  than  those 
for  recent  years.  The  year  1881  inolnded  a  memorable  drooght,  and 
^me  BO  widely  extended  as  to  embrace  onr  largest  water-sheds.  More- 
over, it  followed  a  dry  year  and  was  conseqnently  a  severe  one  upon 
the  streams.  The  yield  of  a  stream  daring  two  saoh  sacoessive  dry 
years  as  1880  and  1881  would  be  for  most  porposes  the  minimnm 
«o  far  as  oar  records  go. 

We  repeat  below  for  convenience  of  referenoe  the  run&ll  at  New 
Twk  and  Philadelphia  dnring  the  period  from  December,  1841,  to 
November,  1843,  and  from  Deoember,  1879,  to  November,  1881, 
which  wfl  have  selected  as  typioal  dry  periods. 

TABLB   Ho.   4. 
Typioal  Dry  Periods. 

HEW  YOfia  RECOBD. 


1 

i 

I 

1 

i 

< 

3  fid 

1 

3  so 

aKo 

1 

-I 
?S1 

1 
?T0 

1 

4  30 

i 

IRO 

VKAB. 

?7n 

1.07 

l?7i 

3  fin 

33.18 

1848-1843..... 

3.60 

1.00J  2.31 

2,1  a 

2.14 

1.00 

U7b 

l.(J4 

15.2« 

a,u6 

5.91 

2.82 

41.53 

4  04 

2.02:  2.12 

4fifi 

?flO 

OW 

1  14 

Rr>r( 

fiW 

ififi 

^Rl 

39.31 

1880-1881 

2.27 

4.801  4.B3 

6.81 

0.% 

a.ao 

535 

1,25 

0.8S 

o.y7 

l.«0 

2.36 

34.35 

PHILADELPHIA  BEOOBD. 
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The  diTiiess  of  these  periods  is  not  revealed  in  the  yearly  totals^ 
bat  has  been  shown  by  onr  previous  analysis.  The  question  of  which 
was  the  more  trying  period  upon  stream- flow  must  be  left  for  a  later 
ohapter.  We  regard  these  records  as  typical  of  such  extreme  dry 
years  as  may  be  looked  for  once  in  fifty  years,  the  choice  of  the  driest 
period  lying  between  the  New  York  record  of  1842-1843  and  the 
Philadelphia  record  of  1880-1881.  Our  conclusion  is  that  the  driest 
year  is  likely  to  be  as  dry  in  one  place  as  another,  and  that  these 
types  apply  to  all  parts  of  the  State. 

Having  fixed  the  driest  year,  our  next  quest  must  be  for  an  ordi- 
nary dry  year,  such  as  is  likely  to  occur  as  often  as  once  in  seven 
years.  Consulting  our  diagram  of  annual  precipitation,  we  find  that 
at  Philadelphia  a  yearly  preeipitation  as  low  as  35.00  inches  has  been 
reached  eight  times  in  the  fifty-six  years  of  cotemporaneous  records 
there  and  at  New  York,  and  that  an  annual  fall  of  37.00  inches 
occurs  with  about  the  same  frequency  in  the  New  York  series.  These 
are  each  about  80  per  cent,  of  the  annual  mean,  and  we  should  expect 
the  ordinary  dry  year  to  vary  with  the  mean  rainfall.  In  order  to 
determine  the  distribution  through  an  ordinary  dry  year,  we  have 
charted  the  rainfall  for  five  dry  years.  The  usual  method  would  be 
to  take  years  of  about  the  above  annual  precipitation  and  average  the 
months,  but  Plate  II.  shows  this  to  be  inexpedient,  as  it  will  tend  to 
cover  up  the  extremes  peculiar  to  such  years,  and  produce  a  year 
unlike  what  is  ever  likely  to  occur.  In  order  to  get  the  natural 
sequence  of  monthly  rainfall,  we  have  preferred  to  adopt  from  these 
typical  years  one  which  is  a  fair  type  of  all.  Such  an  one  is  the 
year  1878.  It  embodies  all  the  important  features  of  these  years  in 
such  a  way  as  to  make  an  excellent  type,  excepting  in  the  preceding 
December  rainfall,  which  in  all  the  other  cases  is  heavier.  This  we 
have  corrected,  and  have  resulting  a  satisfactory  natural  type  of  the 
ordinary  dry  year,  shown,  together  with  the  average  year  for  Phila- 
delphia and  the  driest  year  for  all  the  State,  in  Plate  II.  The  aver- 
age annual  rainfall  for  our  different  water- sheds,  given  in  Table  No. 
2,  ranges  from  44.09  to  49.10  inches.  We  give,  in  Table  No.  5,  the 
ordinary  dry  year  corresponding  to  the  various  annual  rainfalls : 
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TASLH    No.    6. 
Preofpftation  for  Ordinary  Dry  Tsars. 
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Theae  ordinary  dry  years  will  apply  to  oar  varions  water-sheds 
aooordiDg  to  their  average  anDoal  rainfall,  and  without  needing  far- 
ther correction  for  slight  dififerences  in  this  average.  These,  as  we 
have  stated,  may  be  expected  to  occur  once  in  seven  years.  Onr  driest 
year  previously  given  is,  therefore,  oue  which  occurs  for  seven  of 
these  ordinary  dry  years,  or  once  in  fifty  years,  as  before  stated. 

It  will  be  noticed  that  our  aven^  year  is  a  purely  ardfioial  year, 
a  mathematical  conception  which  in  reality  never  has  occurred. 
Nevertheless,  such  a  year  ia  aseinl  aa  giving  an  epitome  of  the  exper- 
ience of  Sfly-seven  years,  and  is  in  accord  with  usual  practice. 

Our  ordinary  dry  and  driest  years  are,  on  the  contrary,  based  upon 
natural  years,  such  as  have  really  ocoarred,  and  may  be  expected  to 
oocar  again  at  the  intervals  which  we  have  indicated,  although 
probably  not  with  the  same  order  of  months  as  here  given. 

The  following  records  of  precipitation  are  selected  from  the  longest 
series  in  order  to  present  the  different  oonditious  likely  to  oocnr  dur- 
ing BQch  periods.  It  is  not  safe  to  draw  many  couclasions  from  series 
covering  lees  than  a  quarter  of  a  century,  and  indeed  one  such  year  of 
excosive  rain&U  as  those  of  1837,  1847,  1866,  1868  or  1889,  in  the 
New  York  series,  will  add  an  inch  to  the  mean  of  twenty  years,  or 
me  such  monthly  rainfall  as  that  of  September,  1882,  will  add  over 
half  ao  inch  to  the  monthly  mean  of  such  a  series.  The  teaching  of 
these  inddentfl  is  to  so  far  as  possible  avoid  averages  in  matters  of 
piedpilation  and  stream- flow. 


22        GEOLOGICAL  SURVEY  OF  NEW   JEBSEY. 


TABLB   No.  8. 
Preolpltatloii  at  New  Tork  Oity. 
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WATEIUSUPPLY. 

TABLB   No.  8. 

Preoipitation  at  Lake  Hopatoong. 

Ssin  imd  Melled  Snow.    In  Inches. 


The  above  record  waa  kept  by  Wm.  H.  Taloott,  engineer  and 
nperinteadeDt  of  Morris  Canal  Company. 
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TABLB   No.  9. 

Pr«oipitatloii  at  New  Brunswlolc. 

FBOM  BECORSe  BT  DB.  QBO.  B.  COOK  AND  P.  T.  SPADES,  BSQ. 

Rmd  and  Melted  Snow.    Id  iDchea. 
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8.28 

1.07 
6.76 
3.05 
336 
5.60 
6.04 
225 
1.62 
1.30 
5,83 
2.18 
1.14 
2,76 
3.12 
1,77 
7.06 
0,80 
5,83 
2,8B 
2.44 
5.06 

7.24 
4.42 

2.80 
5.18 
3,64 
4.27 
2.03 
4.91 
5,60 
5,12 
2,26 
2.75 
4.44 
3.08 
0.99 
1,87 
2.81 
4.00 
3,80 
2.03 
3,51 

4.40 
4.8- 

iot 

4,68 
2.60 
3.32 
2.36 
3.63 
1.8S 
6.69 
6.27 
7.62 
3.23 
2.47 
5,16 
6.53 
3.47 
3,76 
4.31 
1.27 

55,44 
60.62 
49.38 

62.96 

1878 

1874 

64.94 
42.37 

1876 

1877 „ 

1878 

51.92 

6085 
48.1B 

1881 

1888. 

1888 

1884 

42.48 
64.01 
46,66 
48.69 

1887 

47,79 
43.68 

1861 

6.10 
4.40 

4.78 

5.86 
1.89 

4.06 

7.06 

6.28 

4.58 

2.64 
3.75 

3.19 

2.79 

3.78 

362 

77, 

8.91 
6.64 

4.66 

7.18 
6.66 

5.00 

1.08 
1.27 

4.06 

3.23 
0.33 

3.28 

1.7. 

4.51 

54,66 

22  y««.... 

3.61 

3,97 

48.39 
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TABLa   No.  It 
Precipitation  at  Fblladelpbia,  Pa. 

riSHED  BY  THE  XTHITBD  STATES  WEATHER  BUBBAU. 

Bain  aod  Melted  Snow.     In  Inches. 


1 

b- 

i 

11 

= 

■5 

1 

1 

^-       1 
J       1 

j 

1 

1826 

0.84 

3.26 

4,63 

0,83  1.72 

3,59 

2.06 

3.70 

2.61 

1,25  1-36 

3,72 

29!57 

1826 

1.11 

2.13 

6.80|  3.87,  0.19 

4.65 

3.68 

2.75 

2.00 

5.83  1.85 

1.28 

35.14 

1827 

2.86 

3.66 

1.23  2,83!  2.60 

2.00 

2.97 

6.76 

0.79 

5,91  4.87 

3,26 

38.60 

1828 

2.05 

2.75 

3.35  3.821  3.49 

5,33 

IJSl 

4.62 

1,39  6.71 

0.26 

37.97 

1828 

6.37 

3.75 

2.87  4.99:  2.88 

3,44 

4.36 

4.61 

2.01 

2.30  3.97 

1-51 

41.SS 

1830 

1.63 

2.06 

4,12  l,8i;3.75 

5,99 

4.07 

3.87 

2.93 

4.31:6.35 

5.18 

45.07 

1831 

6.02 

2.44 

3.1715.20,1,07 

3.56 

4.17 

6.39 

5.33 

4,6l[l.88 

1.20 

43,9< 

1832 

4.68 

2.66 

1.90  2.98  5.40 

1.55 

2.62 

6.69 

1.40 

3.411  2,58 

509 

39.87 

1883 

3.S7 

1.24 

2,22  0,70!  5.88 

5,28 

4.15 

3.39 

3.82 

10.05  2.18  5.67 

48.6S 

1834 

2.49 

2.22 

2.021 2.83  3.52 

3.99 

4.35 

0.62 

3.67 

3.29, 3.01.  2.33 

34,34 

1886 

2.75 

1.81 

3.83: 4.33' 1.99 

6.27 

6.55 

2.05 

2.63 

I.22I  3.1 9 i  2,68 

39.30 

183e 

7.82 

2.99 

1.75]  3,47' 2.28 

7.31 

2.91 

1.87 

1.82 

3.59!  3.34' 3.CI;  42.66 

1837 

2.50 

3.58 

3,78  2.83 

4.86 

5.89 

4.00 

2.28 

0,6t. 

3.231  2.66  39.04 

1888 

2.20 

2.19 

3,17 

3.59 

3.58 

0.60 

2.38 

2.78 

9.52 

4.90 

3,35l  1,041 45.30 

1839 

6.0* 

3.42 

1.60 

1.61 

6.07 

3.9L 

2.52 

4.64 

2.92 

2.83 

3.101  6.26. 43.78 

1840 

1.84 

8,01 

2.63 

6.83 

2,69 

5,95 

4,54 

6.55 

2.50 

.'j,73 

2,491  3,651 47.41 

1841 

7.84 

1.39 

5.82 

6.46 

3.27 

3.11 

3,28 

9.10 

1.90 

3.20 

4.22;  5.92  65.51 

1842 

1.36 

4-27 

2.84 

6.31 

6.87 

3.19 

11,81 

3.79 

1.27 

1.72 

3.49I  3.661  4858 

1848 

1.44 

2.64 

4.42 

4.72 

2,05 

1.69 

4,54 

9.26 

4.86 

3.22 

4.181  4.04' 46.96 

1844 

4.05 

1.45 

4.43 

1.36|  3.09 

3.36 

6.28 

2.40 

4.03 

6  02 

2,9.5'  2.751 40.15 

1846 

3.76 

4.74 

2.41 

2.68  1.60 

3.73 

2.76 

7,30 

2.16 

2.53 

2.-50]  3.96!  40.03 

1846 

4.83 

3,33 

4.60 

2,11  3,44 

3.30 

4.60 

4.27 

0.25 

2.44 

7.97  3,44!  44.38 

1847 

4.73 

4.80 

4.70 

0.59  1,57 

3.30 

2.77 

3,18 

8.07 

3.08 

2,84  5.78  45.21 

1848 

2.03 

1.44 

2,76 

1.54  4,90 

4.43 

3.28 

1.71 

1.80 

3.75 

2.34  5.01 

34.98 

1849 

0.78 

2.61 

5.47 

1,75  4,00 

2,20 

2.93 

6.98 

1.40 

5,59 

2-60,  5,84 

42.10 

1860 

4.77 

2.87 

4.75 

2.67  6,50 

2.03 

5,97 

8.33 

7.73 

1.09 

3,32,4-51 

64.54 

1851 

1.23 

3.U 

3.48 

4.57;  4.82 

3.44 

2.62 

2.66 

1.13 

3.02'  3.36!  2.27 

35,60 

1852 

2.01 

2.71 

4.27 

0,44  3,03 

4.03 

4.06 

4,40 

1.29 

2.2716  06  5.17 

45.74 

1863 

1.84 

4.44 

2.46 

3.38!  5.17 

1.05 

8.63 

3.08 

4,46 

3,471  2.32' 2  16 

42.40 

1864 

2.32 

4.20 

1.63 

3.14 

7.30 

3.44 

3.84 

0.92 

4.88 

1.92.  3.46  3.18 

45.23 

1855 

2.60;  2.48 

1.98 

2.16 

3.03 

8.01 

6.59 

3.24 

4,13 

3,42!  2.02, 5.01 

44.66 

1866, 

3.37 

1.13 

2.04 

3.15 

2.33 

1.68 

1.13 

6,18 

5.70 

1.30(2,89,3.62 

33.52 

1857 

2.99 

2.06 

1.74 

7.36 

6.07 

8,21 

3.49 

7,77 

1.17 

3.97I  1.44' 5.85 

53,02 

1858 

2.46 

1.9S;  0.86 

4.79 

5.25 

4.311 

1.23 

4,48 

1.28 

l,7!l  4.86  5.46 

38.96 

1869 

6.62 

3.53 

6.60 

5.18 

1.73 

5.51 

3.96 

4.18 

7.54 

3,60,  3.40;  3,73 

54.48 

1880 

3.18 

2  61 

1.76 

3.73 

3.80 

3.30 

1.17 

8.28 

6.30 

5-59,  fi.53  3.65 

48.90 

1861 

3.81 

2.06 

3.55 

3.73 

6.47 

4.34 

2.91 

3.10 

4.39 

3,80 

3,30  1.76 

43.22 

1862 

4.60 

3,88 

3.25 

4.48 

2.19 

6.65 

4.42 

2,07 

4.28 

3,63 

3.83,  2,48 

44.68 

1868 

4,70 

3.82 

6.38 

7.29 

4.79 

4.05 

6.69 

1.44 

0.98 

2.66 

2.96;  4.87 

49,63 

1864 

1.86 

0-82 

4.34 

4,02 

8.80 

2.12 

2.97 

1.65 

6.23 

1.57 

3,70,4.16 

42.24 

1866 

2.80 

4.01 

3.70 

2.62 

6.17 

3.66 

2.65 

3.37 

7.29 

3.20 

4,13'  5.64 

49.12 

1866 

2.89 

6-64 

2.04 

2.92 

4.63 

3.39 

2.51 

2.57 

7.46 

3,54 

1-47,  3.52 

43,68 

1867 

4.82 

5.67 

1.36 

7.07 

10.95 

3.03 

16.84 

1.86 

4.02 

1-93!  1.82 

61.29 

1868 

2.26 

2,59 

3,80 

6.35 

7.42 

2,74 

2.64 

3.07 

7.01 

3.35 

3.23.  3.48 

40,94 

WATEJUSUPPLY. 

PredpltaUon  at  Pblladelpbia,  Pa.— Continued. 


TKAB. 

1 

t 
1 

1 

^ 

6 
1 

1 

-fl 

! 

1 

i 

J 
1 

■< 

186B 

3.37 
4  01 
2.85 
1.49 
6.84 
4.B8 
2.83 
1.62 
2.62 
3.94 
2.73 
1.&1 
3.66 
4.67 

4J2J6.36 

2.26;  3.71 
6.41.  5.24 
1,98}  292 

2.60  3.15 

3.61  5.83 
9.761  2.75 
2.83  1.36 
2.16  4,45 
2.66  1.10 
2.55,  3.29 
4.21;  1.22 
2.43  0.54 
0.61  i  2.71 
2.12;  6.06 
2.44: 1,91 
1.63'  3.39 

6.21 
2.54 

4.61 
4.29 
0.90 
2.96 
4.13 
2.29 
6,22 
3.66 
6.77 
1.67 
3.87 
1.90 
6.91 
3.00 
0.74 
2.86 
6.81 
1.09 
3.39 
1.30 
2.51 
1.98 

2,30 
3,50 

6.17 
9.20 
5.00 
2.26 
3.63 
5.71 
5.33 
4.35 
3.62 
7.74 
0.96 
1.37 
1.78 
3.83 
2,39 
4.23 
7.14 
3.38 
8,29 
4.03 
465 
2.97 

0,70 
6.98 
5.58 
7.81 
11.49 
6.66 
6.42 
0.98 
0.66 
3.83 
7.13 
6.09 
1.18 
6.40 
3.40 
4.30 
6.8C 

2;3i 

5.86 
7,07 
3.36 

4.22 
2.74 

3.10 

l.GO 
0.65 
3.66 
3.63 
6.01 
2,53 
8,77 
2.74 
0.96 
1.12 
1.10 
0.94 
12.09 
4.24 
0.20 
1.17 
1.20 
4.92 
5.73 
4.66 
231 
1.90 
2.06 

4.38 
4.11 
3.89 
6.20 
5.80 
2.87 
1.42 
1.06 
6.62 
2.04 
041 
1.74 
3.04 
1.32 
4.20 
1.54 
3.33 
1.89 
1.68 
3.23 
3.76 
4.82 
2.57 
0.30 

4.35 
1.97 
4.09 
3.43 
6.10 
232 
5.40 
7.31 
6.14 
2.19 
1.38 
1.75 
2.02 
0.99 
1.34 
2.31 
3.35 
3.91 
I.3S 
3.77 
6.76 
O.80 
1.70 
5.71 

4.36 
2.13 

1.67 
2.74 
1.38 
2.48 
3.37 
1.40 
0.83 
3.19 
4.69 
4.06 
2.63 
1.97 
2.76 

2;87 
3.09 
5.06 
3.16 
0.86 
2.33 
3.78 
2.09 

43.21 

2.48 
1.12 
4.75 
2.46 
3.20 
5.03 
0.84 
1.64 
1.19 

5.77 
3.67 
2.05 
2.16 
3.10 
B.71 
3.40 
2.89 
9  9« 

3872 

1878. 

48.36 
55.28 
46.26 

40.22 
47.39 
37.26 
34.63 

J876 

1876 

1877 

1878 

1880 

1881 

1883 

2.43  3.63 
4.76  3.83 
4.22;  3.67 

33.58 
30.21 

45.68 

1884 

6.46'  6.70J  4.70 

39.64 

1886. 

1887 

1888 

3.69  4.62 
3.23  3.43 

4.30,  2.57 
3.761  2.00 
1.831  3.39 

3.65  471 
4.48  0.98 

3.17 
2.59 
6.42 
2.58 
4.61 
4.42 
4.32 

270 
2.00 
2.10 
3.17 
2.28 
2.34 
2.03 

3.43 

4.50 
0.62 
3.46 
4.82 
2.96 
1.74 
5,12 

37.24 

42.17 
44.06 

iew> 

34.02 

1892 

34.78 

Ayemgea, 
68  jean. 

3.45  3.0S 

3.53 

3.78 

3.86 

4,12 

4.50 

3.64 

3.28 

3.39 

3.41 

43.35 

Soowfall  lias  an  important  bearing  upon  stream-flow  in  winter,  as 
wheD  it  is  heavy  the  oaual  result  is  comparatively  light  flow  in  the 
early  winter  and  heavy  floods  in  the  spring.  In  Climatology  (page 
377,  Final  Beport,  Vol.  I.)  it  is  stBt«d  that  the  average  annual  tall 
in  tjie  Highlands  and  Kittatinny  valley  region  is  probably  aboat  60 
indiefl.  From  this  it  ranges  down  to  oomparatively  an  insignificant 
■mount  in  the  region  of  the  Atlantic  coast  streams.  The  average 
depth  at  LambertviUe  from  1839  to  1869  was  29.&  inches,  at  Newark 
&iun  1843  to  1869  inolosive,  it  was  43.6  inches.  The  following  table 
pveB  aaoh  definite  data  as  we  have  at  hand : 
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TABLB  No.  12. 

Depth  of  Snow.    In  Inches. 


RECEIVINO  RESERVOIR,  NEW  YORE. 

NEWARK. 

WINTER  OP 

> 

o 

• 

a 

9 

1 

s 

• 

1 

1 

< 

• 

1 

1843-1844. 

31 

1844-1846 

89 

1846-1846 

62 

1846-1847 

48 

1848-1849 

45 

1849-1860. 

31 

1860-1861 

26 

1861-1862. 

68 

1862-1868 

25 

1863-1864 

71 

1864-1866 

45 

1865-1866 

65 

1866-1867 

62 

1867-1868 

28 

1868-1869 

47 

1869-1860. 

61 

1860-1861 

48 

1861-1862 

62 

1862-1863. 

60 

1863-1864. 

22 

1864-1866 

"  6.6* 

8.75 
27.26 
25.75 

7.6 

3 
21 

2.75 
12 

6.25 
12.75 

8.75 

7.25 
13 

15.25 
11.5 

9.5 
18.25 

4 
16 
16.5 

5.75 
10 

0.25 

2 
12.25 
26 

3.75 
11.25 

48 

1866-1866 

10 

3.25 
12 

8.50 

6.75 

6 

7 
24.75 

7 
11.5 

3.5 
11.5 

28.00 
65.76 
86.76 
31.25 
30.50 
46.25 
19.00 
58.00 
33.00 
60.00 
16.00 
36.00 
6.25 
21.50 
22.50 
37.75 

86 

1866-1867 

62 

1867-1868 

7.75 

76 

1868-1869 

22 

1869-1870 

« 

18 

1870-1871 

2 
0.75 

87 

1871-1872 

1872-1873 

0.5 

4.25 

1.5 

4 

1 
2 

17.5 
2.5 
7.75 

16 
63 

1873-1874 

36 

1874-1875 

12.5 

43 

1875-1876 

23 

1876-1877 

0.75 

18 

0.25 
14.5 

3.5 
12 

86 

1877-1878 

6 
15 

1 
8 

14 

1878-1879 

2 
6 

12 
2 

36 

1879-1880 

2 
2.75 

10 
3 

29 

1880-1881 

1881 

Averages... 

36.78 

40.96 

WATER-SUPPLY. 
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TABI.B   No.  13. 
Depth  of  Snow,  in  Inches,  at  New  Brnnawick.    Becoid  of  P.  V.  Spader. 


WnrTBB  OF 

J 
a 

1- 

a 
P 

1 

• 

1 

. 

• 

•a 
< 

1 

1861-1862 

13 
3 

8 

1862-1863 

13 

8 
8 
8 
8 

8 
8 
8 

4 

8 

15 

8 

9 
13 

1 

4 

4.25 

5 
20 

6 

8 
8 

4 

8 

6.5 

7.6 
12.5 
19.75 

6.6 

4 

1 
22 

8 

12 
4 

8 

8 

21.5 

8 

12 

3.7 
13.6 

9 
10 

7.5 

8 

8 

11.6 

3 

8 

8 

8 

8 

3 
4 

18 
14 

3 

6 
14 

3 

17.5 
22 

6.5 
10 

8 

10 

8.6 

6 

9 
12 

5 

4 
14.5 

6 

8 

.25 
1.5 

8 

5 
6.6 

8 

1.5 
12.5 
12 

0.5 

6 

38.00 

1863-1864 

13.00 

1864-1866 

26.50 

1866-1866 

8 

26.00 

1866-1867 

59.25 

1867-1868 

7.5 

63.00 

1868-1869 

8.60 

1869-1870 

4.0 

8 

21.00 

1870-1871 

40.26 

1871-1872 

8 

2.5 
2 

8 
8 
8 
8 

1.5 

1 

8 

12.5 
2 
1.25 

8 
8 

3 

8 

3 

6.25 
3 

8 

8 

5 
30 

8 

13 

9.60 

1872-1873 

8 

0.5 

8 

53.00 

1873-1874 

33.60 

1874-1875 

27.00 

1876-1876 

12.00 

1876-1877 

•••••• •••••• 

26.75 

1877-1878 

10.00 

1878-1879 

3.5 
4 
15 

8 
8 

25 

8.5 

8 

9 
9.5 

8 
8 

8 
8 
8 
8 
8 
8 
8 
8 

.26 

8 

24.00 

1879-1880 

8 

4 

8 

4 

8 

8 
8 
8 

16.70 

1880-1881 

41.60 

1881-1882 

24.00 

1882-1883 

25.26 

1883-1884 

39.50 

1884-1885 

23.00 

1885-1886 

14.00 

1886-1887 

21.36 

1887-1888 

42.75 

1888-1889 

8 

1.50 

1889-1890 

13.00 

Average. 

26.43 

Non.— In  thlB  New  BnixiBwick  record,  a  denotes  snow*  but  not  of  measurable  depth,  being 
often  aocompanled  by  rain. 

The  above  records  are  concurrent  from  1866  to  1880^  or  for  a 
period  of  fifleen  years.  Daring  this  time  the  averages  were  at  New 
York  36.38  inches^  at  Newark  36.20  inches,  and  at  New  Branswick 
28.03  inches  annually.  These  probably  give  as  a  fair  indication  of 
the  relative  snowfidls  at  each  station. 

Using  the  28-year  record  at  Newark  as  the  standard,  and  reducing 
tbe  other  stations  to  this,  we  have  the  following  as  the  most  probable 
average  snowfidl  at  each  station :  Newark^  41.00  inches ;  New  York, 
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41.00  inohes;  New  Bnmswick,  31.75  inches;  Lambertyille,  27.80 
inohes  annually. 

In  the  Highlands  I  have  observed  six  months  between  the  first  and 
the  last  snowfall  of  measurable  amoonty  the  last  being  May  6th.  Snow- 
fiedl  may  be  oonsiderable  here  in  November  and  April.  In  the  red 
sandstone  belt^  while  snow  usually  falls  in  these  months^  it  is  insig- 
nificant in  amount  as  a  rule,  while  fiuiher  south  it  is  scarcely  seen  at 
all.  Ten  inches  of  snow  being  generally  equivalent  to  an  inch  of 
rain,  it  is  apparent,  firom  the  above  tables,  that  there  is  always  a  pos- 
sibility that  in  northern  New  Jersey  some  three  inches  of  December 
precipitation  may  be  carried  over  in  the  form  of  snow  or  ice  to  aug- 
ment the  stream-fiow  of  later  months.  Since  all  this  is  included  in 
returns  of  precipitation  for  December,  it  follows  that  the  division  of 
stream-fiow  observations  into  calendar  years  may  lead  to  serious  errors 
when  we  come  to  compare  with  precipitation.  If  our  year  is  made 
to  b^in  December  1st,  there  is  practically  no  such  danger,  and  we 
shall  see  later  on  why  this  date  has  advantages  which  have  led  to 
its  adoption  as  the  b^inning  of  the  year  in  our  studies  of  stream- 
fiow. 

The  division  of  our  records  by  months  becomes  necessary  for  con- 
venient, practical  application  of  the  long  series  of  valuable  records  of 
precipitation,  which  are  the  basis  of  our  studies.  The  calendar 
months  are  unequal  in  length,  consequently  not  well  adapted  to  our 
purposes  excepting  for  these  reasons. 

EVAPORATION. 

It  is  not  our  intention  to  go  exhaustively  into  the  general  subject 
of  evaporation  in  this  report.  We  must,  however,  in  order  to  check 
our  conclusions  and  be  prepared  for  an  intelligent  comprehension  of 
its  importance  in  our  studies,  give  a  brief  abstract  of  what  has  bee^ 
observed  as  to  the  amount  and  monthly  distribution  of  evaporation 
under  different  circumstances.  We  need  nothing  more  than  this,  for 
by  far  the  most  useful  and  reliable  data  we  can  have  of  evaporation 
over  extended  areas,  such  as  the  water-sheds  of  our  streams,  we  shall 
obtain  from  the  results  of  stream-gaugings,  which  we  present  in  the 
next  chapter.  We  have  measurements  of  evaporation  from  water- 
surfaces,  but  there  is  very  little  water-surface  exposed  on  our  water- 
sheds ;  so  we  have  measurements  of  the  amount  taken  up  by  various 
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kinds  of  vegetation,  bat  oar  areas  are  of  a  mixed  character  and  it  is 
not  always  possible  to  apportion  tbem  properly  among  the  various 
crops.  The  measurements  of  evaporation  from  the  ground  oome  the 
nearest  to  what  we  need,  but  few  of  these  have  been  made  with  neoes- 
Bury  precaationa  to  secure  exactly  the  same  conditions  which  exist  id 
oatnie.  Nevertheless,  these  obeervatioos  are  very  suggestive,  and 
some  of  the  results  are  here  reproduced. 

The  following  tables  are  copied  from  Mr.  Fannlng's  valuable 
treatise  on  water-supply  engineering : 


TABLB   No.  14. 
Bvaporation  From  Water  at  Bmdrop,  Denmark. 
LklitQde,  65°  41'  N. ;  LoDgitude,  12°  34'  K  from  GreeDwich. 
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TABZ.B    No.  16. 
Evaporation  From  Horth. 
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HSAM  RAIMFALL  AT  SAUX  STATION,  1844  TO  1863. 

«•"- 
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The  next  table  is  a  very  inatructiTe  one,  furnished  b?  Desmond 
Fitz  Gerald,  C.E.,  in  a  paper  on  "  Rainfall,  Flow  of  Streams  and 
Storage "  (TraiiBactions  of  the  American  Society  of  Civil  Engineen, 
Vol.  Xyil.,  No.  3).  The  table  ia  partially  made  up  from  a  digram, 
ao  that  to  a  certain  extent  the  figures  are  aven^^,  but  only  when  the 
obeerrationa  were  so  near  to  a  mean  as  to  warrant  Bocfa  a  coarse : 
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The  small  range  of  the  evaporation  from  water  in  the  tables  i» 
soggestive.    It  seems  to  approximate  to  a  constant  in  each  month. 
Of  the  tables  of  evaporation  from  earthy  that  at  Whitehaven  seems 
to  be  the  better  adapted  to  oar  climate.     It  is  more  valuable  for  the 
dry  months  than  for  winter. 

The  following  is  Risler's  table  of  daily  consumption  of  water  for 
different  crops,  quoted  in  an  article  on  irrigation  by  W.  Tweeddale^ 
C.E.  (Elansas  State  Board  of  Agriculture  Report,  December  Slst^ 
1889) : 

Inches. 

Lucem  grass from  0.134  to  0.267 

Meadow  grass "  0.122  "  0.287 

Oats "  0.140  *'  0.193 

Indian  corn "  0.110  "  1.670 

Clover "  0.140  "  

Vineyard "  0.036  "  0.031 

Wheat. "  0.106  "  0.110 

Bye "  0.091  "  

Potatoes *  0.038  **  0.055 

Oak  trees *•  0.038  "  0.030 

Fir  trees "  0.020  "  0.043 

From  these  and  other  observations,  Mr.  Tweeddale  concludes  that 
from  seed-time  to  harvest  cereals  will  take  up  fifteen  inches  of  water 
and  grasses  thirty-seven  inches.  These  conclusions  agree  with  prac- 
tice in  irrigation,  and  show  plainly  that  the  demands  of  plant  growth 
cannot  be  ignored  in  tracing  the  disappearance  of  rain.  The  figures 
also  explain  the  low  summer  flow  of  streams  flowing  from  a  highly- 
cultivated  water-shed.  They  do  not  necessarily  explain  the  effect  of 
forests  in  regulating  flow,  since  many  water-sheds,  although  cleared 
of  trees,  are  not  put  under  cultivation  but  still  show  some  change  in 
flow.  The  action  of  forests  is  probably  largely  to  retard  sur&ce-flow 
by  means  of  irregular  surfaces,  caused  by  roots,  fallen  timber,  absorb- 
ent mosses  and  leaf  accumulation,  thus  holding  the  water  until  it  can 
be  taken  into  the  ground.  This  is  not  mere  theory ;  it  is  based  on 
observations  made  during  many  days  spent  in  the  forest,  and  is 
believed  to  almost  if  not  fully  account  for  the  better-sustained  flow  of 
forest  streams  and  their  lighter  flood- flows. 

Evidently,  if  all  of  our  water-shed  should  be  covered  with  gndn 
and  heavy  grasses,  there  would  be  very  little  water  left  for  the  sus- 
tenance of  stream-flow  during  the  summer.  Fortunately,  a  much 
smaller  proportion  is  so  covered  than  is  usually  supposed,  even  in^ 
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^igricnltnral  sections.  Somerset  county  is  a  highly-cultivated  section 
•of  the  red  sandstone  plain.  I  have  made  an  estimate  of  the  pro- 
portion of  the  total  area  given  to  various  crops,  based  on  census 
figures,  and  the  proportion  of  wooded  area  has  been  measured.  Of 
the  total  area,  13  per  cent,  is  wooded  in  large  tracts,  and  7  per  cent, 
has  been  added  for  scattering  timber,  the  remainder  being  devoted  to 
general  farming: 

TABLB   No.  18. 

Peroentafire  of  Areas  Devoted  to  Various  Crops  in  Somerset 
Ck>unty,  with  Quantity  of  'Water  Required  for  Baoh. 


CROP. 


Forest  (oak  and  chestnat) 

Wheat,  rye,  oats,  Ac 

Indian  com 

Potatoes  and  other  root  crops.. , 

Long  grasses 

Short  grasses. 

Orchards,  ^bc. 

Fallow  lands  and  miscellaneous. 

Total 
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17 
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15 
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5 

3.0 

0.15 

4.0 

0.28 
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8.69 

This  gives  a  fair  idea  of  the  allowance  which  must  be  made  for 
vegetation,  although  it  is  only  a  rough  approximation.  To  this  must 
be  added  something  for  extra  evaporation  from  crop  areas.  This 
demand  for  3.7  inches  of  water  per  month  may  be  considered  practi- 
odlj  a  constant  one  for  the  growing-months.  It  is,  to  a  large  degree, 
independent  of  the  rainfall,  and,  in  fact,  a  large  part  of  the  evapora- 
tion is  also  independent  of  rainfall. 

Somerset  county  has  been  selected  as  a  type  of  the  larger  part  of 
our  red  sandstone  plain,  viz.,  that  part  lying  southwest  of  the  glacial 
moraine  which  passes  through  Morristown,  Plainfield  and   Perth 

Amboy. 

As  a  type  of  our  Highland  and  Kittatinny  valley  r^on,  Sussex 
ooanty  may  be  taken  in  the  same  way. 
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TABLB   No.  10. 

Peroentaffe  of  Area  Devoted  to  Varlo^  drops  in  Sussex 
Ck>unty,  and  Quantity  of  "Water  Required  for  Bach. 


CROP. 


Forest  (oak  and  chestnut) 

Water 

Indian  com 

Other  cereals. 

Long  grasses 

Short  grasses. 

Potatoes  and  other  root  crops.. 
Fallow  land ^ 


Total. 


o 
o 


60 
2 
5 
9 
8 

24 
1 
6 


100 


WATKB  BB(iniBXD  IN 
ONE  OBOWINO-MONTH. 
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1.2 
5.0 
4.6 
8.5 
6.0 
6.0 
1.2 
4.0 


O  of 

h 


0.60 
0.10 
0.22 
0.82 
0.18 
1.20 
0.01 
0.24 


2.87 


The  southern  New  Jersey  agricultural  counties  will  not  differ  very 
materially  from  Somerset  county^  while  the  piny  r^on  will  only  oatt 
for  about  one  inch  of  water  per  month  for  plant  growth.  The  evap- 
oration there  is  large^  however ;  much  greater  than  in  northern  New 
Jersey^  as  we  shall  see  when  the  study  of  the  streams  is  taken  up. 

It  would  be  difficult  to  determine  just  how  much  evaporation  will 
take  place  in  addition  to  the  water  demanded  by  plant  growth.  It  is* 
hardly  probable  that  it  is  nearly  so  large  as  the  evaporation  from  bare 
ground,  and,  for  the  heavier  absorbents  and  closer-growing  crops, 
such  as  long  grasses  and  clover,  there  is  probably  no  additional  evap- 
oration. The  only  practical  way  to  fix  the  evaporation  from  different 
types  of  topography  and  country,  under  various  stages  of  cultivation, 
is  by  means  of  a  series  of  accurate  gaugings  of  typical  streams  and 
synchronous  measurements  of  rainfall.  The  above  figures  are  not 
here  intended  to  be  given  as  actual  measurements  of  the  evaporation, 
and  in  no  case  do  they  apply  to  the  actual  conditions  obtaining  in 
practice.  They  are  of  value  only  as  indicative  of  what  may  be 
expected  and  of  the  distribution  of  evaporation  by  months.  For 
actual  values  we  prefer  to  look  to  stream  gaugings  and  learn  what  we 
can  from  these.    If  we  take  series  of  monthly  rainfidl  and  monthly 
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stream-flow,  sach  as'  we  have  given  elsewhere  in  fall,  and  carefully 
tnalyse  them,  we  can  determine  what  the  evaporation  will  be  for  a 
given  period.  It  woald  at  first  sight  appear  that  it  will  be  simply 
the  difierenoe  between  the  rainfall  and  the  stream-flow,  but  this  error 
we  most  oarefnlly  gaard  against  It  n^lects  entirely  the  water 
which  may  have  been  stored  in  or  drawn  from  the  earth. 


GBOX7KB-8TOBAGE. 

The  method  of  estimating  the  yield  of  streams  to  be  a  certain  per- 
centage of  the  rainfall  also  entirely  n^Iects  the  efiect  of  ground- 
storage.  Mnch  confusion  as  to  the  relative  yield  of  streams  and 
many  £Edlores  to  correctly  interpret  observed  phenomena  have  resulted. 
Let  U8  b^in  with  the  year  and  observe  what  the  real  sequence  of 
events  is. 

At  the  cloee  of  the  winter  and  spring  rains,  the  ground  is  saturated 
with  water  to  a  great  depth.  A  large  amount  of  water  is  held  in 
storage,  and  all  of  that  which  lies  above  the  level  of  the  bed  of  a 
stream,  within  the  boundaries  of  the  water-shed,  becomes  available 
either  to  feed  the  stream  at  that  point  or  else  to  satisfy  the  demands 
of  plants  and  evaporation.  This  great  reservoir  will  feed  a  certain 
amount  of  water  to  the  stream  irrespective  of  the  rainfall.  If  the 
lainfiEdl  is  sufficient  to  supply  the  evaporation  and  plant  growth,  the 
flow  firom  ground-water  will  remain  constant,  because  the  head  which 
forces  it  through  the  rocks  and  gravels  is  constant.  When  the  rain 
is  insufficient,  the  head  will  be  drawn  down  and  the  flow  will  decrease 
at  a  certain  fixed  rate.  The  draught  upon  ground-storage  in  this 
ridnity  usually  sets  in  between  May  1st  and  June  1st,  not  often  before 
die  middle  of  May  and  rarely  later  than  June  1st.  Once  the  draught 
is  fiiirly  established  and  the  water  drawn  down,  unless  the  rainfall  is 
greater  than  it  usually  is  from  June  to  August,  it  is  all  absorbed  by 
die  dried  earth  and  does  not  reach  down  far  enough  to  increase  the 
head  and  consequent  flow  of  ground- water.  What  may  be  called  the 
onder-ran  of  a  stream — the  part  which  depends  upon  ground- storage — 
may  be  easily  determined  by  inspection  of  a  continuous  diagram  of 
flow.  In  inspecting  such  diagrams  as  those  of  the  rivers  of  New 
Jersey  aooompanying  this  report,  it  may  be  seen  that  rainfalls  which^ 
if  oocarring  in  May,  or  in  the  autumn  after  the  ground-water  has 
been  replenished,  would  cause  violent  floods,  have  no  efiect  at  all  upon 
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the  stream-flow  when  they  oooar  daring  the  dry  months.  This  differ- 
ence in  effect  cannot  be  ascribed  to  direct  evaporation,  for  in  the  case 
of  concentrated  rainfall,  evaporation  has  little  time  to  act.  It  is  dae 
to  the  drawing  down  of  ground-water,  which  leaves  a  great  oapadiy 
for  absorption  of  rain  by  the  earth. 

In  the  analysis  of  recorded  stream-flow  following,  it  will  be  found 
that  in  extreme  cases  this  stored  ground-water  will  be  drawn  upon  by 
stream-flow  and  evaporation  to  the  extent  of  the  equivalent  of  nine 
inches  of  rain.  In  some  cases,  it  will  yield  to  the  streams  alone  a 
quantity  of  water  equal  to  five  inches  of  rainfall.  A  depletion  of 
six  inches  by  the  end  of  August  is  not  uncommon.  This  depletion 
must  be  made  good  before  the  fall  rains  become  available  to  increase 
the  stream-flow.  Consequently,  we  frequently  find  the  autumn 
stream-flow  to  be  very  much  less  than  the  difference  between  rainfall 
and  evaporation. 

Let  us  now  observe  what  the  effect  of  this  ground-storage  is  upon 
the  stream-flow.  Take  a  usual  case  of  a  stream  whose  normal  yield 
is  20  inches  for  40  inches  rainfall  annually,  and  whose  ground- 
storage  will  yield  five  inches  to  the  stream.  If  we  begin  the  year 
with  full  ground-water  and  end  it  with  depleted  ground-water,  the 
yield  will  be  26  inches  for  40  inches  rainfall.  If  we  begin 
with  depleted  ground-water,  on  the  contrary,  and  end  with  full, 
we  shall  have  but  16  inches  yield  for  40  inches  rainfall.  In  the 
first  case,  we  have  a  yield  of  62.6  per  cent.,  and  in  the  second, 
but  37.6  per  cent,  of  the  rainfall.  This  stored  ground-water  will 
cause  streams  to  continue  to  flow  for  weeks  and  months,  even  though 
rain  entirely  ceases  to  fall.  Popularly,  this  is  known  as  spring- 
water.  It  often  issues  in  the  form  of  well-sustained,  visible  springs, 
but  a  larger  amount  finds  its  way  out  unobserved  all  along  the  course 
of  the  stream.  Portions  of  the  surface  which  are  permanently  below 
the  level  of  the  surrounding  ground-water  are  continually  saturated, 
and  are  known  as  swamps  or  marshes.  Wells  sunk  below  its  perma- 
nent level  yield  continuous  supplies  of  water,  popularly  supposed  to 
come  from  underground  streams  or  ^'  veins.'' 

The  actual  distance  below  the  surface  of  the  ground  to  which  this 
reserve  supply  of  water  is  drawn  during  droughts  is  not  everywhere 
the  same,  nor  will  all  portions  of  a  water-shed  deliver  equal  amounts 
of  water  from  the  ground.  A  coarse  gravel  will  contain  more  water 
to  each  foot  of  depth  and  will  yield  that  water  much  more  freely 
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than  oompaot  earth  or  rock.  When  it  is  said  that  a  water-shed  will 
yield  so  many  inches  of  water  from  ground-storage  the  average  yield 
is  intended.  The  accompanying  sketch  shows,  generally,  the  manner 
in  which  a  valley  will  yield  up  its  ground-water  during  a  protracted 
dronght  when  the  material  is  varied,  and  the  phenomena  which  result 
therefrom  and  with  which  all  are  familiar. 

The  capacity  for  ground-storage  variies  widely  on  different  water- 
sheds. On  steep,  rocky  surfaces  the  rain  largely  runs  off.  The  rock, 
it  is  true,  holds  a  large  amount  of  water,  but  it  is  held  tenaciously, 
and  discharged  at  a  low  rate.  This  &ct  is  partially  compensated  for 
by  the  greater  differences  of  level  on  such  a  water-shed,  which  cause 
greater  heads  to  force  out  the  water.  A  rocky  water-shed,  as  level  as 
the  sandy  basins  of  southern  New  Jersey,  which  discharge  large  vol- 
umes of  ground- water,  would  probably  yield  a  very  trifling  amount. 
Fanning  gives  the  following  data  as  to  porosity  of  soils : 

'^  Gravel,  consisting  of  small  water- worn  stones  or  pebbles,  inter- 
mixed with  grains  of  sand,  has  ordinarily  20  to  26  per  cent,  of 
voids ;  marl,  consisting  of  limestone  grains,  clays  and  silicious  sands, 
has  from  10  to  20  per  cent,  of  voids ;  pure  clays  have  innumerable 
interstices,  not  easily  measured,  but  capable  of  absorbing,  after  thor- 
ough drying,  from  8  to  15  per  cent  of  an  equal  volume  of  water. 

^'  Water  flows  with  some  degree  of  freedom  through  sandstones, 
limestones  and  chalks,  according  to  their  textures,  and  they  are 
capable  of  absorbing  from  10  to  20  per  cent,  of  their  equal  volumes 
of  water. 

'^  The  primary  and  secondary  formations,  according  to  geological 
classification,  as  for  instance  granites,  serpentines,  trappeans,  gneisses, 
mica  slates  and  argillaceous  schists,  are  classed  as  impervious  rocks, 
as  are  usually  the  several  strata  of  pure  clays  that  have  been  sub- 
jected to  great  superincumbent  Weight. 

''The  crevices  in  the  impervious  rocks,  resulting  from  rupture, 
may,  however,  gather  and  lead  away,  as  natural  drains,  large  volumes 
of  the  water  of  percolation." 

It  must  be  remembered,  however,  that  nearly  all  water-sheds  on 
rock   formation  have  a  covering  of  disint^rated  rock  and  drift 
gravels  and  sands,  which  furnishes  a  large  part  of  the  ground-storage. 
A  rock  valley  filled  with   drift  sands  and  gravels,  is  admirably  y 
adapted  to  supply  large  quantities  of  ground-water. 

From  the  above  percentages,  we  find  that  a  depletion  of  9  inches 
of  ground-water  will  draw  down  the  water-table  an  average  distance 
of  from  36  to  46  inches  in  gravels,  from  45  to  90  inches  in  marls. 
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aboat  90  inches  in  dsjB,  and  from  46  to  90  inohes  in  flancbtones, 
limestones  and  chalks. 

In  this  connection^  it  is  worth  while  to  remember  that  manj  plants 
project  their  roots  to  great  depths  in  the  earth.  Common  doyer 
roots  have  been  followed  to  a  depth  of  four  feet  It  follows  that 
vegetation^  which  must  be  supplied  with  water^  will  draw  its  supply 
from  very  considerable  depths  when  no  rainfall  is  available.  As  we 
shall  see  from  our  gaugiugs^  the  demands  of  evaporation  and  of 
plant-life  are  inexorable.  During  the  growing-months  of  Bfay,  June 
and  July^  these  demands  are  usually  equal  to  the  rainfjEdl^  and  often 
in  excess  of  it.  Stream-flow  is^  consequently,  entirely  dependent 
upon  the  ground- water,  which  is  also  frequently  further  drawn  npon 
by  evaporation  and  plant-absorption.  No  scientific  treatment  of  the 
yield  of  streams  can  neglect  diis  important  equalizing  reservoir  of 
ground-water. 

SURFACE-STORAGE. 

Another  agent  which  tends  to  equalize  flow  to  some  extent,  by 
carrying  over  some  of  the  water  of  the  wet  season  to  the  early  dry 
months,  thereby  shortening  the  periods  of  very  small  flow,  is  surfiuse- . 
storage.  Water  is  held  in  natural  lakes  and  swamps  and  fed  out 
gradually  to  the  stream.  Some  of  the  natural  lakes  in  northern 
New  Jersey  vary  two  feet  in  height  of  surface.  The  Paulinskill 
has  about  three  square  miles  area  of  such  lakes  on  176  square  miles 
of  water-shed,  and  a  storage  of  two  feet  would  add  to  the  stream-flow 
the  equivalent  of  about  one-half  an  inch  of  rainfall  on  the  water- 
shed. Artificial  storage  is  much  more  efficient,  as  a  greater  depth  of 
water  can  be  controlled  and  the  discharge  r^ulated  to  meet  the 
demand.  Natural  storage  is  an  important  factor  in  the  flow  of  some 
streams,  such  as  those  of  our  northern  counties,  however,  and  must 
be  taken  into  account. 

SURFACE  OR   FLOOD-FLOWS. 

We  have  seen  that  a  portion  of  our  rain  finds  its  way  over  the  sur- 
hce  to  the  stream.  How  much,  depends  on  the  condition  of  the 
ground- water  and  the  steepness  of  the  slopes.  On  the  Sudbury  it  is 
observed  that  any  rainfall  exceeding  four  inches  per  month  is  accom- 
panied by  surface-flows.    There  is  some  limit  to  the  rapidity  with 
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which  water  can  be  absorbed  hj  the  earthy  even  when  dry,  and^ 
although  the  ground- water  is  low^  sometimes  rain  falls  in  such  enor- 
mous volume  that  disastrous  floods  are  caused. 

In  the  report  on  Climatology  of  New  Jersey  (1888)  it  is  stated 
that  single  storms  '^  rarely  exceed  four  inches  in  depth^  and  three 
inches  is  a  heavy  rain.  In  the  Newark  record  the  number  of  rains 
over  three  inches  in  thirty-seven  years  and  eight  months  was  thirty- 
six.  Eight  of  them  occurred  in  July ;  eight  in  August ;  five  in  Octo- 
ber ;  three  in  November ;  two  each  in  December  and  May^  and  one 
in  each  of  the  other  months.^' 

The  late  Ashbel  Welch  stated,*  during  a  discussion  on  the  flow  of 
streams,  that  in  August,  1843,  "  twelve  inches  of  rain  fell  in  about  as 
many  hours  in  one  nighf  near  Bound  Brook,  but  this  extremely 
heavy  rainfall  was  confined  to  a  very  narrow  district  He  also  says 
that  ''the  most  destructive  rainstorms  I  have  seen  have  been  in 
August,  and  next  to  that,  July.^' 

The  following  severe  storms  are  mentioned  in  the  Climatology  of 
New  Jersey : 

Paterson,  March  19th  and  20th,  1881,  6.44  inches  in  11  hours; 
Parsippany,  March,  1875,  7  inches  in  a  single  storm. 

In  the  month  of  August,  1848,  22.48  inches  of  rain  fell  at  Newark, 
a  fiedl  without  an  equal  in  the  records  of  the  vicinity. 

In  the  month  of  September,  1882,  great  floods  occurred  all  over 
the  State.  They  were  caused  by  a  very  heavy  storm  which  came 
after  three  months  of  deficient  rainfall.  By  the  method  employed  in 
analyzing  records  of  stream-flow,  I  find  that  by  September  19th  the 
deficiency  of  rain  amounted  to  7  inches  on  the  Baritan  water-shed. 
From  the  20th  to  the  24th  the  records  at  New  Brunswick  show  a 
£bJ1  of  11.84  inches  of  rain;  those  on  the  Croton  water-shed  show- 
ing about  the  same  amount.  It  will  be  seen  that  there  was  a  surplus 
of  at  least  4.6  inches  after  replenishing  ground- water.  As  will  be  seen 
later,  I  have  estimated  that  from  the  22d  to  the  26th,  during  64 
hours,  a  total  of  3.3  inches  on  the  water-shed  flowed  over  the  dam 
above  New  Brunswick.  The  total  flood- flow  of  the  Passaic  from 
this  storm  was  practically  the  same,  but  it  took  eight  days  to  deliver 
it,  instead  of  64  hours,  owing  to  peculiarities  which  we  shall  discuss 
later.     On  the  Sudbury,  a  smaller  water-shed,  from  6  to  10  per  cent. 

*TTmii8actioiis  of  the  American  Society  of  Civil  Engineers,  July,  1881. 
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of  the  total  monthly  rain  has  to  be  allowed  when  saoh  rain  ezoeeda 
4  inches. 

A  striking  example  of  the  effect  of  the  manner  in  which  the  rain 
falls,  whether  highly  concentrated  or  evenly  distributed  through  the 
months  and  year,  is  shown  in  the  years  1889  and  1890.  On  the 
Raritan,  in  1889,  there  occurred  six  floods  high  enough  to  destroy 
the  fencing  on  the  meadows  along  the  stream.  In  1890  there  was 
but  one  flood  over  the  river  banks,  and  that  a  very  light  one.  Our 
records  of  flow  on  the  Passaic  show  five  floods  of  from  6,300  to 
10,900  cubic  feet  per  second  in  1889 ;  in  1890  the  discharge  did  not 
once  reach  6,000  cubic  feet  per  second,  and  6,000  was  exceeded  only 
once.  Both  were  years  of  heavy  rainfall,  1889  having  68  inches 
against  61  inches  in  1890.  The  distribution  of  rainfall  in  the  latter 
year  was  phenomenally  even. 

A  OOLLEGTION  OF  LOKG-8EBIES  BTBEAM-OAUGINOS. 

We  must  next  seek  to  determine  the  relations  which  exist  between 
rainfall,  stream-flow  and  evaporation.  In  these  studies  we  shall  use 
the  best  existing  data  of  measured  stream- flow  for  streams  near  our 
own  State,  and  where  the  climatic  and  geological  conditions  are  some- 
what similar  to  our  own.  It  is  the  nature  of  the  country  drained  by 
a  stream  which  determines  its  peculiarities  of  flow.  It  is  the  amount 
of  rainfall  and  of  evaporation,  the  latter  to  a  considerable  extent  de- 
pendent upon  climate,  which  determines  the  ultimate  yield  of  streams. 
Consequently  it  has  not  been  thought  wise  to  make  use  of  records  for 
remote  water-sheds,  even  where  they  are  available.  It  will  greatly 
simplify  these  studies  if  we  state  the  results  of  gaugings  in  inches  of 
rainfall,  thereby  eliminating  the  differences  due  to  size  of  water-shed. 
When  we  have  reached  conclusions,  it  will  be  easy  to  convert  our 
results  into  ordinary  liquid  measures. 

These  gaugings  are  in  the  main  reliable.  Many  startling  apparent 
discrepancies  in  rainfall  and  flow  are  explained  and  verified  by  close 
analysis,  so  that  we  would  warn  our  readers  not  to  too  hastily  reject 
what  may  seem  inexplicable,  yet  there  are  a  few  errors  discoverable 
on  close  examination,  and  these  we  have  guarded  against  in  drawing 
our  conclusions.  It  is  not  an  easy  matter  to  secure  continuous 
accurate  measurements  of  stream- flow,  and  still  more  difficult  to 
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obtain  valaes  of  rainfall  correctly  representing  the  entire  water- shed 
onder  consideration. 

We  base  our  conclusions  as  to  relation  between  rainfall,  evaporation 
and  stream  yield  upon  these  long-series  gangings.  The  shorter  series 
which  we  have  obtained  for  our  New  Jersey  streams  will  prove  val- 
uable for  comparison  with  these,  but  are  too  short  to  depend  upon 
without  such  comparison.  No  series  which  does  not  embrace  a  period 
as  long  as  our  rainfall  cycle  of  60  years  can  be  considered  entirely 
satisfactory,  but  fortunately  some  of  these  embrace  years  of  extremely 
light  and  extremely  heavy  rain&U,  and  are  in  this  respect  all  that 
can  reasonably  be  asked  for. 

Sudbury  River  Qauginga. 

The  Sudbury  river  is  at  the  extreme  eastern  end  of  Massachusetts, 
about  fifteen  miles  west  of  Boston,  and  is  one  of  the  sources  of  water- 
supply  for  that  city.  In  the  Transactions  of  the  American  Society  of 
Civil  Engineers  for  July,  1881,  we  have  given  the  results  of  gaugings 
by  Mr.  Alphonse  Fteley,  extending  from  January  Ist,  1875,  to  Feb- 
ruary 29th,  1880,  in  a  continuous  series. 

The  figures  in  Table  No.  20  are  taken  from  Mr.  Frederic  P.  Stearns' 
paper  in  the  Twenty- second  Annual  Report  of  the  State  Board  of 
Health  of  Massachusetts,  and  include  the  later  records  of  the  Boston 
water  works.     Mr.  Fteley  says  of  this  water-shed : 

''  The  river,  above  the  point  where  its  waters  are  diverted,  is  formed 
bjr  two  principal  afiSuents ;  the  larger,  draining  about  two-thirds  of 
the  gathering-grounds,  rises  in  a  hilly  district  and  flows  afterwards 
through  an  open  valley  with  extensive  swampy  areas ;  the  other  flows 
through  a  hilly  district,  and  althojagh  draining  a  territory  only  one- 
half  as  extensive,  it  has  sometimes,  after  heavy  rains,  a  volume  as 
great  as  the  larger  stream.  The  whole  water- shed  controlled  by  the 
works  covers  seventy-eight  square  miles ;  a  portion  of  it  (from  one- 
sixth  to  one-eighth)  is  covered  with  woods ;  the  remainder,  with  the 
exception  of  areas  occupied  by  several  villages,  has  a  general  aeri- 
cultural  character." 

The  latitude  of  the  Sudbury  is  about  the  same  as  that  of  Hudson, 
N.  T.,  and  consequently  still  more  northerly  than  the  Croton. 

From  Mr.  Steams'  report,  we  find  that  until  1878  the  reservoir 
water-surface  included  in  the  drainage  area  was  1.02  per  cent.; 
thence  until  1886,  2.31  per  cent,  and  afterwards  2.92  per  cent,  of  the 
whole.    He  says : 
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<<  The  flow  of  water  past  the  lowest  dam  has  been  greatly  modified 
by  the  use  of  the  artificial  reservoirs,  but  this  does  not  appear  in  the 
records,  beoanse  the  i^noont  flowing  past  the  dam  is  corrected  *  *  * 
to  eliminate  the  effect  of  reservoirs  and  to  present  in  the  records  the 
natural  flow  of  the  stream,  modified  only  by  such  storage  as  is  fur- 
nished by  ordinary  mill  ponds  and  by  White  Hall  pond.  It  cannot^ 
however,  be  said  that  the  effect  of  the  reservoirs  is  wholly  eliminated, 
becaose  the  evaporation  from  the  increased  water-sarfaces  is  not  taken 
into  account,  and  the  dry-weather  flows  recorded  are  consequently 
less  than  diey  would  be  if  these  reservoirs  did  not  exist. 

*^  The  water-shed  of  the  Sudbury  river  contains  many  hills  with 
steep  slopes,  some  of  which  are  used  for  pasturage,  and  others  are 
covered  with  a  small  growth  of  wood.  The  valleys,  as  a  rule,  are 
not  steep,  and  there  are  extensive  areas  of  swampy  land,  generally 
covered  with  a  growth  of  brush  and  trees.  The  hills  are,  for  the 
most  part,  of  rather  impervious,  clayey  material,  containing  boulders, 
while  the  flat  land  is  sandy  and  in  some  cases  gravelly." 

With  proper  corrections  and  allowances,  the  Sudbury  river  repre- 
sents conditions  not  unlike  some  of  our  Kittatinny  valley  and  High- 
land streams,  and  being  of  about  the  same  size  as  many  of  them,  these 
records  will  be  valuable  to  us  in  our  studies. 
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Rainfall  and  Stream-flow  on  Sudbury  River. 

Area  of  water-«hed,  78  square  miles.    Inches  on  the  water-shed. 


• 

1875. 

1875-6. 

MONTH. 

• 

.3 

• 

o 

• 

a 

1 

December 

0.94 
1.83 
4.21 
7.43 
4.20 
2.76 
2.04 
9.13 
1.72 
4.61 
2.24 
5.76 

1.04 

January 

2.42 
3.16 
3.74 
3.23 
3.56 
6.24 
3.57 
5.53 
3.43 
4.85 
4.83 

0.18 
2.41 
2.86 
5.26 
2.12 
1.50 
0.57 
0.71 
0.36 
1.15 
2.25 

1.16 

February 

2.28 

March 

7.91 

April 

6.68 

Utij 

2.03 

June 

0.38 

July 

0.33 

^  ^' 

Auffust 

0.72 

Seotember 

0.32 

October 

0.42 

November 

1.88 

44.55 

19.37 

46.87 

24.14 
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Rainfall  and  Stream-flow  on  Sudbury  Biver— Continued. 


MONTH. 


December 
January... 
Febroary.. 
IvLuich ..... 

April 

May 

Jane 

July 

August..... 
September 
(X^ber ... 
November. 


1876-7. 

187'; 

i 

. 

i 

a 

^ 

d 

•  w* 

& 

o 

1 

3.62 

0.81 

0.87 

3.22 

1.17 

5.63 

0.74 

1.53 

5.97 

8.36 

8.59 

4.69 

3.44 

4.13 

5.79 

3.70 

2.48 

0.96 

2.43 

1.03 

3.88 

2.95 

0.36 

2.97 

3.68 

0.22 

6.94 

0.32 

0.10 

1.29 

8.52 

1.13 

6.42 

5.80 

2.45 

7.02 

46.78 

24.00 

52.43 

O 

E 


2.80 
8.28 
8.97 
6.26 
2.81 
2.49 
0.87 
0.23 
0.85 
0.28 
0.92 
2.92 


27.18 


1878-9. 

1879-80. 

December ..• 

6.37 
2.48 
3.56 
5.14 
4.72 
1.58 
3.79 
3.93 
6.51 
1.88 
0.81 
2.68 

5.67 
1.25 
2.76 
4.16 
5.38 
1.99 
0.71 
0.28 
0.71 
0.24 
0.18 
0.36 

4.34 
3.57 
3.98 
3.32 
3.11 
1.84 
2.14 
6.27 
4.01 
1.60 
3.74 
1.79 

0.83 

Jminaiy  ...tt..t...T.tr«««Ttt. **........*.... ........... 

2.00 

February 

2.98 

Mwch  ...............  T,t. ..................... ........... 

2.45 

April 

2.02 

May 

0.92 

June , 

0.30 

July 

0.32 

^*j  ...................................................... 

Aunist 

0.21 

Be^ember 

0.14 

0<Jdber 

0.18 

NoTember 

0.35 

43.45 

23.64 

39.71 

12.70 
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BalnfttU  and  Strecun-flow  on  Sudbury  lUver— Continued. 


1880-1. 

1881-2. 

MONTH. 

• 

*s 

a 

I 

2.83 
5.56 
4.65 
5.73 
2.00 
3.51 
5.40 
2.35 
1.36 
2  62 
2.96 
4.09 

• 

o 

1 

i 

December 

0.31 
0.74 
2.49 
7.14 
2.67 
1.72 
2.31 
0.49 
0.26 
0.34 
0.33 
0.68 

3.96 
5.95 
4.55 
2.65 
1.82 
5.07 
1.66 
1.77 
1.67 
8.74 
2.07 
1.15 

1.38 

January 

2.21 

February 

3.87 

March , 

5.06 

April 

1.50 

May 

2.30 

Jane , , 

0.91 

July 

0.15 

Auimst 

0.10 

September 

0.53 

October 

0.53 

November 

0.86 

43.06 

19.48 

41.06 

18.90 

1882-3. 

1883-4. 

December 

2.30 
2.81 
3.87 
1.78 
1.85 
4.19 
2.40 
2.68 
0.74 
1.52 
5.60 
1.81 

0.56 
0.60 
1.66 
2.87 
2.33 
1.67 
0.52 
0.21 
0.14 
0.16 
0.33 
0.35 

3.55 
5.09 
6.54 
4.72 
4.41 
3.47 
3.45 
3.65 
4.65 
0.86 
2.48 
2.65 

0.35 

January , 

1.76 

February 

4.74 

March 

6.76 

April ,, 

4.93 

Mlay 

1.84 

June , 

0.72 

July 

Auinist 

0.40 
0.46 

September 

0.08 

October 

0.15 

November... 

0.30 

31.55 

11.40 

45.52 

22.48 
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Rainfall  and  Stream-flow  on  Sudbury  River— Continued. 


MONTH. 


December. 
January  .., 
Febraaiy.. 

March 

April , 

May 

June , 

July 

August  .•... 
September 
O(iober ... 
November 


1884-5. 


5.17 
4.71 
3.87 
1.07 
3.61 
3.49 
2.87 
1.43 
7.19 
1.48 
5.10 
6.10 


46.04 


I 


1.65 
2.20 
2.18 
2.81 
3.13 
2.38 
0.74 
0.11 
0.43 
0.21 
0.60 
2.03 


18.47 


1885-6. 


13 


2.72 
6.87 
6.28 
3.61 
2.23 
3.00 
1.47 
3.27 
4.10 
2.91 
3.24 
4.65 


43.85 


o 


2.09 
2.61 
7.73 
3.67 
3.36 
1.29 
0.35 
0.21 
0.17 
0.20 
0.26 
1.16 


23.10 


1886-7. 

1887-8. 

December 

4.98 
5.20 
4.78 
4.90 
4.27 
1.17 
2.65 
3.76 
5.28 
1.32 
2.84 
2.67 

1.82 
4.62 
4.56 
5.12 
4.52 
1.80 
0.71 
0.20 
0.38 
0.19 
0.34 
0.64 

3.88 
4.15 
3.69 
6.02 
2.43 
4.83 
2.54 
1.41 
6.22 
8.59 
4.99 
7.23 

1.15 

January ^ 

February , 

1.88 
3.26 

March 

5.76 

April 

4.57 

Mjiy 

2.91 

June , 

0.73 

July 

0.21 

^    / ••• • 

AUiFUSt 

0.68 

September , 

1.99 

October 

3.57 

November 

4.76 

43.82 

24.90 

55.98 

31.47 
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Rftiiifall  and  Stream-flow  on  Sndbury  Biver— Ckmtinaed. 


MOKTH. 


December. 
January  ... 
February.. 

March , 

April 

May. 

June.M , 

July 

August 

September 
October.... 
November 


1888-9. 


6.40 
5.87 
1.66 
2.37 
8.41 
2.96 
2.80 
8.94 
4.18 
461 
4.26 
6.29 


62.24 


o 


6.43 
4.96 
1.93 
2.89 
2.43 
1.57 
1.13 
1.13 
2.66 
1.42 
2.19 
3.86 


30.48 


1889-90. 


3.14 
2^ 
3.61 
7.74 
2.66 
6.21 
2.08 
2.46 
3.87 
6.00 
10.61 
1.20 


60.86 


o 


4.00 
2.24 
2.46 
6.60 
3.24 
2.44 
0.98 
OM 
0.24 
0.79 
4.06 
2.10 


29.23 


ChnneoUout  Biver  OaugingB. 

On  the  Conneoticat,  at  Hartford,  gaugings  have  been  made  by  the 
United  States  Army  Engineer  Corps,  and  the  results  given  here  we 
have  compiled  from  their  reports.  The  great  difficulty  we  have  found 
with  this  series  has  been  to  obtain  adequate  ootemporaneous  rainfall 
records.  Everything  available  has  been  collected,  and  the  rainfall 
carefully  compiled,  and  the  results  given  are  believed  to  be  the  best 
now  obtainable.  This  river  corresponds  in  a  general  way  with  the 
Delaware,  and  is  the  largest  stream  for  which  we  have  reliable  records. 
If  we  keep  in  mind  the  fact  that  it  lies  on  an  average  two  d^rees 
farther  north  than  the  Delaware  above  Trenton,  and  make  proper 
allowances  for  this  and  other  differences,  it  becomes  useful  in  our 
studies  of  the  latter  river.  The  headwaters  of  the  Connecticut  are 
in  the  White  mountain  r^ion,  and  throughout  the  water-shed  is 
ragged.  We  estimate  that  about  47  per  cent,  of  the  whole  area  is 
improved  land.  The  remainder  is  fallow  or  covered  with  timber  in 
various  stages  of  growth. 
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TABIiB   No.  2L 

Ralnftill  and  Stream-flow  on  Oonneotiout  Biver. 
Area  of  water-shed,  10,234  square  miles.    In  inches  on  the  water-ehed. 


MOKTH. 


December, 
January... 
February.. 
March ..... 
April 


Jane 

Jnly 

Augost 

September 
0(^ber .... 
November.. 


1871. 


2.45 
4.04 
8.21 
8.60 
8.80 
8.49 
5.89 
1.68 
8.57 
2.68 


88.91 


o 


1.87 
5.65 
2.79 
8.40 
1.00 
0.70 
0.81 
0.85 
1.02 
1.66 


19.75 


1871-2. 


8.02 
1.60 
2.25 
2.18 
1.28 
4.62 
5.52 
5.75 
8.58 
8.85 
8.24 
8.85 


45.69 


s 


1.44 
1.28 
0.79 
0.94 
5.51 
8.46 
2.68 
1.13 
2.52 
2.25 
1.76 
2.65 


26.36 


December. 
January... 
February.. 

March 

April 

May 

Jane 

July 

August 

Se^mber 
October.... 
November. 


1872-8. 


8.10 
3.70 
2.38 
3.88 
2.45 
2.62 
1.50 
5.60 
3.02 
4.45 
6.40 
3.33 

42.38 


1.92 
2.71 
1.90 
1.82 
7.65 
5.83 
1.11 
0.80 
0.73 
0.75 
2.81 
1.68 

29.71 


1873-4. 


3.17 
4.08 
2.18 
1.94 
5.26 
8.61 
5.29 
6.04 
3.23 
3.00 
1.48 
2.22 

41.50 


2.81 
5.70 
4.07 
8.02 
2.61 
5.86 
8.12 
2.31 
1.19 
0.73 
0.81 
0.67 

32.90 
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Bainfall  and  Stream-flow  on  Oonnectioat  Riveiv-Oontinuad. 


MOirrH. 


Becember 
January... 
February .. 

March 

April 

May 

June 

July 

August 

September. 
October ... 
November 


1874-5. 


1.82 
3.40 
2.95 
3.18 
2.54 
3.24 
4.80 
3.50 
4.84 
3.03 
4.46 
3.07 


40.83 


i 


0.76 
0.72 
1.14 
2.06 
6.14 
4.69 
1.50 
0.97 
1.35 
0.74 
1.15 
1.73 


22.95 


1876-6. 


I 


1.27 
2.64 
4.43 
6.02 
2.61 
3.44 
4.59 
5.34 
0.97 
5.81 
1.25 
2.76 


40.63 


i 


1.88 
8.86 
2.71 
8.95 
6.76 
6.54 
1.73 
0.98^ 
0.70 
0.72 
0.71 
0.88 


30.82 


1876-7. 

1877-8. 

I^ecember ••..••• 

3.88 
2.54 
0.62 
5.16 
2.35 
1.26 
4.92 
6.01 
3.32 
1.38 
6.18 
5.14 

0.72 
0.74 
0.78 
3.92 
4.61 
1.91 
0.88 
1.07 
0.97 
0.76 
1.34 
3.19 

1.44 
3.20 
2.56 
2.23 
7.52 
2.64 
4.79 
3.29 
4.23 
2.34 
2.34 
4.11 

1.95 

January , 

1.26 

February 

2.06 

March , 

3.67 

April 

5.21 

May , , 

8.5» 

June , , 

1.51 

July 

0.87 

.  v • ...•..• 

AUfiTUSt 

1.12 

September 

0.84 

October 

0.80 

November. , , 

1.81 

42.76 

20.92 

40.69 

24.69 
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Oroton  River  Oauginga. 

The  Croton  river  is  well  known  as  the  souroe  of  supply  for  the 
'citj  of  New  Tork,  From  careful  measurements  we  find  the  area  of 
water-shed  above  Croton  dam  to  be  353.1  square  miles.  The  country 
embraced  in  this  area  is  hilly  and  the  rock  is  mainly  gneissic.  It  is 
overlaid  with  drift  earths  and  gravel  to  some  extent.  The  valleys 
are  rather  flat-bottomed,  and  the  upper  portions  of  the  East  Branch 
are  bordered  by  narrow  swamps.  About  30  per  cent  is  covered  with 
timber  or  brush,  the  remainder  being  tillable  or  pasture  land.  There 
are  some  forty  natural  lakes  and  mill-ponds,  aggregating  about  1.3 
per  cent,  of  the  whole  area.  The  artificial  Croton  lake  at  the  outlet 
raised  this  to  1.5  per  cent. 

In  1873  Boyds  Corner  reservoir  was  completed,  making  the  total 
water  area  1.6  per  cent.,  and  in  1878  the  Middle  Branch  reservoir 
came  into  use,  raising  the  whole  water  area  to  1.8  per  cent.  The  cor- 
rection for  this  storage  has  not  been  made  in  the  first  record  for  lack 
of  data.  In  my  analysis  later  I  have  corrected  where  it  was  neces- 
eary.  Our  record  ends  with  1881.  Since  that  date  several  storage 
reservoirs  have  been  added,  and  the  stream  has  consequently  become 
less  valuable  as  a  guide  to  natural  flow. 

The  series  of  gaugings  below  I  have  compiled  from  data  published 
by  the  Department  of  Public  Works  of  New  York  City,  in  the 
Oommissioner's  report  on  the  new  aqueduct,  in  February,  1882.  The 
flow  over  Croton  dam  is  given  from  1865  to  1881,  but  lacking  the 
flow  through  the  aqueduct,  I  have  only  been  able  to  obtain  the  total 
flow  from  1868,  or  for  fourteen  years.  The  method  of  gauging  was 
crude,  the  height  being  measured  once  a  day  at  Croton  dam.  Only  a 
good  approximation  was  desired,  however,  and  it  appears  to  have 
been  obtained. 
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TABIiB  No.  22. 

Rainfall  and  Flow  of  Oroton  Water-shed. 
Area  of  water-shedi  358.1  square  miles.    In  inches  on  the  water-shed. 


1868. 

1869. 

MONTH. 

• 

a 

• 

• 

1 

January .......... .......t........rt. ............. ....... 

2.90 
1.38 
2.55 
3.87 
8.79 
4.58 
2.18 
6.98 
9.88 
0.87 
4.65 
2.85 

1.95 
0.79 
8.88 
4.60 
5.44 
3.17 
0.98 
1.78 
4.69 
2.84 
8.80 
0.97 

a79 

3.64 
5.48 
2.11 
4.52 
8.59 
2.26 
1.92 
3.20 
9.46 
2.48 
5.96 

2.17 

February.. 

0.39 

March ....•• 

4.71 

AnriL 

8.1^ 

May 

2.76' 

June....... TTTT.t 

1.48 

July 

0.54 

,***/ • • ••••••• 

August 

0.3^ 

September... .« 

October 

0.28 
2.89 

November 

1.87 

December... 

2.95 

50.88 

84.80 

48.86 

22.87 

1870. 

1871. 

January 

4.51 
6.40 
3.80 
5.45 
2.80 
2.06 
3.48 
5.10 
2.85 
4.78 
2.51 
1.49 

8.76 
8.64 
8.24 
4.00 
1.69 
0.70 
0.46 
0.43 
0.82 
0.40 
0.56 
0.59 

8.80 
3.81 
4.27 
8.01 
8.45 
5.78 
5.07 
5.24 
1.44 
6.18 
4.85 
2.59 

0.52 

February 

1.61 

March 

8.86 

April 

1.90 

May 

2.90- 

Jane 

1.24 

July 

0.69 

" **^^  ...............  ...................................... 

Auffust 

0.68 

September 

0.55 

October 

1.6(y 

November 

8.60 

December , 

2.10 

44.63 

19.79 

48.94 

20.76 
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BalnCall  and  Flow  of  Oroton  Water-shed— Oontinued. 


1872. 

1873. 

MONTH. 

f 

Bainfall. 

1 

• 

«s 

c 

•s 

• 

January 

1.44 
1.22 
2.59 
8.04 
3.69 
4.00 
4.34 
5.99 
3.69 
2.15 
4.91 
3.68 

1.88 
1.07 
1.31 
2.97 
1.20 
1.14 
0.55 
1.24 
1.13 
1.07 
2.48 
1.38 

5.66 
3.09 
3.08 
3.77 
2.91 
0.71 
2.21 
5.73 
3.73 
5.18 
3.72 
4.13 

8.72 

Febroaiy. , 

1.70 

March.. , 

3.29 

April , 

6.44 

May 

7.43 

Jonfi , 

0.50 

July 

0.48 

^    .» •......• 

ADiniBt 

0.53 

September 

0.47 

October 

1.09 

November 

1.50 

December. 

3.13 

40.74 

17.42 

43.87 

30.28 

r 

1874. 

1875. 

6.96 
2.78 
1.57 
6.31 
1.99 
8.57 
5.98 
2.75 
3.56 
2.40 
2.72 
1.78 

3.89 
2.58 
2.88 
3.33 
2.90 
0.88 
0.85 
0.69 
0.51 
0.70 
0.59 
0.85 

2.74 
3.47 
4.99 
8.04 
1.08 
8.02 
3.10 
10.33 
2.11 
3.61 
4.61 
1.56 

0.57 

l^ebmary........ .......  ■■.••........■■*.«.........r..... 

2.90 

March ........••••...•.. 

2.63 

Anril 

4.83 

Mlsy 

1.68 

Jnne..... ..*........«................................. ...r 

0.54 

July 

0.54 

•;***/ • •••••• • 

August  T 

4.41 

September... ..•..*.*.....*..............*..*.... ....... 

0.82 

Oc^ber 

0.58 

November • 

1.96 

December.... .................................... .t.t... 

1.78 

42.37 

20.65 

43.66 

23.14 
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Rainfall  and  Flow  of  Oroton  Water-shed— Oontinnad. 


1876. 

1877. 

MONTH. 

• 

a 

• 

d 

• 

o 

January 

1.42 
4.91 
6.33 
4.43 
3.99 
2.62 
3.42 
1.20 
6.21 
1.50 
3.40 
2.35 

1.42 
3.28 
6.76 
5.21 
1.89 
0.62 
0.62 
0.49 
0.36 
0.37 
0.60 
0.62 

2.68 
0.80 
7.66 
2.36 
0.86 
4.96 
4.66 
2.64 
1.49 
8.38 
8.16 
1.62 

0.76 

Febmarv • 

1.87 

March 

6.85 

ADril ••••••• 

2.80 

May 

0.82 

June « 

0.56 

July 

0.60 

"  **v  ••••••••••••••••• •• ••••...»• 

August ••..• 

0.48 

^A[>tATn1lAr , , ».t... TTTTT-T"T»T--- 

0.32 

October , 

0.71 

November 

3.76 

December ••••••...... 

8.90 

• 

40.68 

21.13 

46.03 

22.32 

January... 
February .. 

March 

April 

May 

June 

July 

August 

September 
October.... 
November 
December 


1878. 

187 

4.49 

2.46 

2.62 

3.66 

3.32 

2.85 

3.10 

3.64 

4.96 

2.85 

1.61 

6.10 

4.97 

1.48 

2.45 

4.66 

1.32 

5.29 

4.28 

0.62 

5.95 

2.66 

0.62 

5.83 

6.61 

1.69 

3.48 

3.78 

0.77 

0.95 

4.36 

1.70 

2.49 

8.74 

6.49 

4.26 

54.14 

26.72 

46.08 

1.37 
2.21 
8.92 
4.70 
1.86 
0.78 
0.62 
1.04 
0.99 
0.68 
0.76 
1.88 

20.75 
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Rainftill  and  Flow  of  Oroton  Water- shed—Oontlnued. 


MONTH. 


January... 
February., 

March 

April 

May 

Jane. 

July 

August 

September 
Ociober.... 
November. 
December. 


1880. 

m 

=3 

• 

o 

• 

'3 

4.00 

2.62 

4.19 

2.92 

2.76 

5.28 

4.51 

2.89 

6.14 

3.99 

1.96 

1.67 

1.17 

0.85 

3.74 

1.28 

0.49 

5.27 

5.65 

0.50 

2.45 

3.60 

0.50 

1.71 

2.69 

0.48 

0.75 

3.25 

0.50 

3.65 

2.97  ' 

0.49 

4.50 

2.49 

0.51 

6.37 

38.52 

14.54 

45.72 

0.65 
2.95 
5.42 
1.69 
1.26 
1.46 
0.53 
0.50 
0.49 
0.50 
0.50 
1.49 


17.44 


PoMaio  River  Oauginga. 

The  next  series  of  gangings  is  for  one  of  our  own  most  important 
rivers.  These  gangings  are  compiled  partially  from  reoords  fur- 
nished this  Survey  by  private  parties,  and  partially  from  our  own 
observations.  The  gaugings  are  at  points  from  Little  Falls  to 
Dundee,  and  have  all  been  carefully  reduced,  compared  and  referred 
to  Dundee  dam.  Every  precaution  has  been  taken  to  eliminate  errors, 
and  as  it  stands  the  record  is  a  most  valuable  one  for  our  purposes. 
We  are  particularly  fortunate  to  have  obtained  the  data  which  have 
here  been  utilized.  The  Passaic  above  Dundee  is  in  all  respects  a  fair 
average  type  of  our  northern  New  Jersey  streams,  although  it  has 
certain  peculiarities  which  we  shall  point  out  when  we  take  up  the 
study  of  the  stream  in  detail.  For  a  full  description  of  the  water- 
shed we  refer  the  reader  to  the  Topographical  Atlas. 
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TABIiB   No.  28. 

BainfiaJl  and  Stream-flow,  Paasaio  Biver. 

Area  of  watershed,  822  square  miles.    In  inches  on  water-shed. 


1877. 

1877-8. 

MONTH. 

i 

• 

o 

i 

1 

December , 

1.01 
5.35 
8.82 
3.35 
1.50 
4.59 
3.03 
5.00 
5.99 
2.46 
8.17 
8.48 

2.53 

Jannarj. .....x.........wx.x  ,^4^..  .xi. 

3.81 
1.48 
6.30 
3.00 
.97 
4.37 
4.87 
6.11 
1.98 
7.25 
6.93 

.92 

2.30 

6.02 

3.06 

.98 

.63 

.44 

.60 

.36 

2.98 

5.34 

2.67 

February 

8.75 

March ...x *.»*..*». 

3.84 

April... , 

1.48 

Maj..... 

1.77 

June 

1.67 

July 

.80 

^    «' • • • 

Auffust 

1.62 

September 

.52 

Oc^ber 

.49 

November ., 

1.76 

47.07 

23.63 

42.75 

22.84 

December 
January... 
February .. 

March 

April 

Muy 

June. 

July 

August .... 
September 
October ... 
November. 


1878-9. 


44.16 


5.69 

6.83 

2.87 

.82 

2.21 

1.83 

3.75 

4.12 

4.61 

4.37 

2.51 

1.71 

4.17 

.97 

5.10 

.45 

8.18 

1.60 

2.77 

.93 

.29 

.24 

2.00 

.26 

24.18 


1879-80. 


5.04 
2.40 
2.72 
4.12 
2.89 
.61 
1.44 
7.69 
4.87 
2.18 
1.70 
2.32 


37.98 


2.42 

8.55 

2.64 

2.55 

2.09 

1.04 

.32 

.42 

♦.50 

♦.48 

.22 

.74 


16.97 


*  Mining  fiom  record.   These  yalues  ttom  Croton  aeries. 
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Rainfall  and  Stream-flow,  Paasaio  Biver— Ck>ntinue<L 


MONTH. 


December. 
JtDnarj  .. 
February .. 

March 

April 

Mkj 

June 

Joly 

AngoBt 

Sei^ember 
October ... 
Norember 


1880-1. 


2.70 
4.08 
4.67 
6.10 
1.04 
2.78 
6.42 
1.86 
.90 
1.06 
8.08 
3.12 


86.70 


o 


.68 

1.14 

3.69 

6.77 

1.68 

.89 

1.89 

.39 

.27 

.26 

.26 

.67 


18.88 


1881-2. 


4.69 
6.63 
4.31 
3.28 
2.06 
6.46 
3.48 
8.32 
2.48 
10.74 
2.06 
1.69 


49.88 


1.66 

2.20 

6.90 

4.86 

1.23 

8.04 

1.90 

.94 

.26 

8.86 

1.68 

.67 


28.68 


1882-8. 

1883-4. 

December 

1.88 
8.76 
4.24 
2.08 
8.91 
2.92 
4.98 
2.96 
2.18 
4.13 
6.67 
1.86 

1.14 

.91 

3.03 

3.16 

2.94 

1.67 

.71 

1.04 

.38 

.86 

1.09 

1.80 

3.86 
6.16 
4.64 
4.76 
2.48 
2.92 
4.46 
6.21 
6.81 
.61 
8.38 
3.39 

.76 

jMraary 

2.83 

Fd>rDary 

6.21 

U^TTh 

6.01 

Anril , 

2.68 

Mv- - 

June 

1.86 
.64 

July 

1.83 

,/••••••• •• •••• 

Aqgost 

.88 

September 

.32 

OMber 

.69 

NoTember 

.99 

39.90 

17.72 

46.01 

24.08 
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Rainfall  and  Stream-flow,  Paasaio  Rive]>— Ck>ntinued. 


MONTH. 


December. 
January  .. 
February.. 

March 

April 

May 

June 

July 

August 

September 
October.... 
November 


1884-5. 


a 


5.52 
4.18 
4.82 
1.27 
1.53 
.2.55 
1.20 
4.08 
7.26 
.66 
4.95 
5.53 


43.55 


3.36 

4.15 

2.24 

1.96 

3.50 

1.68 

.52 

.42 

.78 

.26 

.76 

2.73 


22.36 


1885-6. 


a 


3.20 
4.83 
4.61 
3.68 
3.41 
6.10 
2.73 
3.81 
2.55 
1.36 
2.55 
4.92 


43.75 


§ 


3.25 

3.54 

5.68 

2.64 

5.10 

3.38 

1.04 

.52 

.49 

.81 

.33 

.92 


27.20 


1886-7. 

1887-8. 

December 

3.57 
4.45 
5.10 
2.87 
2.53 
1.93 
6.65 
8.82 
4.27 
2.01 
2.14 
1.75 

1.15 

2.84 

4.84 

3.63 

2.66 

1.10 

2.04 

2.29 

1.35 

.38 

.66 

.59 

5.72 
5.77 
4.41 
6.68 
3.97 
6.09 
2.80 
1.98 
7.60 
8.06 
4.53 
4.09 

2.32 

January 

4.61 

February 

3.90 

March 

4.97 

April 

6.13 

May 

.69 

June 

.38 

July 

.36 

AuiTUSt 

1.00 

September 

4.19 

October 

2.65 

November 

3.00 

46.09 

23.53 

61.70 

34.20 
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Rainfall  and  Stream-flow,  Paesaio  Biver— Ckmtinued. 


MONTH. 


December. 
Jannaiy  .. 
FebroAiy ». 

Mait^ , 

ApriL 

Maj 

Jane 

July 

August .... 
September 

October 

November, 


1888-9. 


4.33 
6.04 
2.41 
3.22 
6.34 
2.85 
3.43 

14.49 
4.49 

10.06 
3.06 

10.16 


70.88 


4.61 
6.75 
2.28 
2.19 
3.41 
2.85 
1.65 
2.31 
4.14 
390 
2.15 
6.29 


42.23 


1889-90. 


2.14 
2.69 
4.69 
6.03 
2.68 
4.39 
4.66 
6.14 
4.96 
3.73 
5.20 
.76 


47.76 


o 


4.40 
2.01 
3.24 
3.30 
2.99 
2.74 
1.78 
1.47 
1.04 
1.62 
2.49 
1.37 


28.35 


December.. 
January.... 
February.. 

March 

ApriL 

May 

June 

Joly 

Angnst 

September 
Cklober ... 
Noyember. 


1890-1. 

189] 

4.17 

1.98 

4.73 

7.52 

6.92 

5.38 

4.55 

5.41 

1.35 

4.24 

5.80 

4.19 

2.30 

2.49 

1.69 

2.80 

.94 

4.92 

1.86 

.44 

4.68 

6.16 

.31 

3.27 

5.72 

.83 

4.39 

2.26 

.64 

2.17 

2.60 

.31 

.72 

2.96 

.63 

6.84 

46.03 

26.20 

44.33 

2.04 

6.34 

1.55 

2.66 

1.43 

1.42 

1.20 

.52 

.63 

.40 

.25 

1.38 

18.72 
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RalnftkU  and  Stream-flow,  Passaio  Biver— Oontiiiaed. 


MONTH. 


December. 
January... 
February.. 
March..... 

April 

May 

Jane 

July 

August .... 
September 
October.... 
November 


1892-8. 


3 

•a 


1.47 
8.87 
6.85 
3.48 
4.69 
5.16 
8.60 
2.25 
7.26 
2.92 
4.69 
8.65 


49.18 


i 


1.18 
8.86 
5.65 
6.95 
4.88 
4.88 
2.82 
6.71 
1.05 
0.58 
1.25 
1.80 


84.61 


1898-4. 


• 

1 

1 

8.85 

1.74 

Tohiokon  Oreek  Chugingi. 

This  series  is  oompiled  from  the  records  printed  in  the  annual 
reports  of  the  Chief  Engineer  of  the  Philadelphia  Water  Department 
for  the  years  covered.  The  Tohickon  is  a  branch  of  the  Delaware, 
which  it  joins  at  Point  Pleasant^  aboat  eight  miles  above  Lambert- 
ville.  The  water-shed  is  similar  in  its  topography  to  the  soathem 
portion  of  Hanterdon  coanty,  in  this  State.  The  coontry  rock  is 
Triassic  red  shale.  Aboat  28  per  cent  is  timber  and  waste  land,  and 
72  per  cent,  cultivated.  Elevations  range  from  400  to  1,000  feet 
above  tide,  and  the  upper  half  is  a  rather  level  plateau  with  a  general 
elevation  of  600  feet. 
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TABLB  No.  24: 

Bainftill  and  Stream-flow,  Tohlokon  Greek,  Pa. 
Area  of  watershed,  102.2  square  miles.    In  inches  on  the  water-shed. 


1885. 
RalnfiiU.  Flow. 


October 4.80 

Noyember 4.67 


.84 
2.57 


MONTH. 


December. 
January... 
February.. 

Itfarch 

April 

May 

June 

July 

August 

Sei^ember 
October.... 
November 

Year.. 


1885-6. 

188€ 

• 

g 
I 

i 

« 

1 

3.06 

1.78 

3.88 

4.15 

4.86 

4.24 

6.01 

9.19 

5.47 

4.76 

4.28 

3.07 

3.42 

4.76 

2.41 

7.14 

3.43 

2.59 

4.53 

1.40 

5.77 

5.48 

.77 

8.13 

1.09 

.10 

5.29 

1.30 

.03 

3.36 

2.59 

.05 

1.93 

5.16 

1.96 

1.42 

48.69 

32.11 

47.51 

I 


2.38 

5.04 

5.25 

3.88 

1.01 

.93 

1.21 

1.63 

1.96 

.40 

.25 

.26 


24.15 


1887-8. 

1888-9. 

I^ecember. 

6.53 
5.31 
4.34 
5.23 
4.08 
3.03 
1.69 
3.20 
8.07 
8.32 
4.06 
3.66 

3.20 

6.38 

6.72 

6.27 

4.28 

.52 

.15 

.06 

1.77 

5.49 

1.54 

3.11 

4.35 
4.43 
2.37 
3.67 
4.90 
5.41 
6.94 
12.33 
4.63 
7.92 
4.57 
8.86 

3.48 

January.  ...r.......... ........................ ..T. ...... 

4.38 

February 

1.52 

March 

3.86 

April 

2.88 

May 

1.70 

Jflliei........ ......r.TTT.rTT.. ...........  r.- 

2.29 

July 

6.41 

•*  **•/ • •• • ••• •• 

Auin79t........r.. ........................... ............. 

3.75 

September 

3.40 

October 

2.33 

l!i|oyember 

7.97 

57.52 

39.49 

70.38 

43.97 
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Rainfall  and  8tream->flow»  Tohlokon  Creek,  Pa.— Oontinued. 


MOITTH. 


December. 
Janaary... 
February .. 

March 

April 

U&y 

June , 

July 

August 

September 
October.... 
November 


1889-90. 

189( 

i 

^ 

a 

^ 

*§ 

'i 

o 

1 

1.99 

1.92 

2.76 

2.82 

2.06 

6.15 

4.72 

3.78 

4.68 

6.77 

6.37 

4.79 

2.48 

1.79 

1.97 

6.30 

3.09 

2.83 

3.93 

.76 

3.38 

5.81 

.87 

7.49 

6.75 

.92 

8.90 

2.99 

1.22 

1.87 

6.20 

3.54 

3.81 

1.07 

.69 

1.98 

50.83 

27.00 

60.00 

I 


6.15 

6.68 

6.08 

1.68 

.28 

.17 

.90 

3.92 

.94 

.46 

.68 


27.26 


1891-2. 

1892-3. 

December 

5.09 
5.49 
1.23 
4.13 
1.95 
6.55 
3.19 
4.27 
3.76 
2.91 
.62 
7.15 

4.28 

6.63 

1.19 

4.87 

.84 

2.05 

.70 

.51 

.30 

.19 

.10 

3.19 

1.84 

1.68 

January 

February 

March .T TTT 

April 

May 

June 

July 

^^^j • 

Aufirust. 

September 

October 

November. 

45.24 

24.76 
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Neshaminy  Oreek  Oaugkigs. 

This  record  is  also  from  the  above-quoted  reports  of  the  Chief 
Engineer  of  the  Philadelphia  Water  Department 

Neshaminy  creek  is  a  tributary  of  the  Delaware,  and  the  portion 
of  its  water-shed  here  treated  of  lies  in  the  yidnity  of  Doylestown, 
Pa.  The  sorfaoe  is  rolling,  ranging  from  260  to  700  feet  in  elevation. 
Only  7  per  cent,  is  wooded  or  fallow,  93  per  cent,  being  improved. 
In  its  general  character  this  water-shed  resembles  those  of  oar  red 
sandstone  district  southwest  of  the  moraine  line  at  Plainfield  and 
Perth  Amboy. 

TABLB   No.  26. 


Flow  of  the  Neshaminy  Below  Forks,  Pa. 
Area  of  water-shed,  139.3  square  miles.    In  inches  on  water-shed. 


RainfalL 

October 6.66 

November 4.60 


1885. 


Flow. 

.17 

1.68 


MONTH. 


December 

January 

F^roarj 

March 

April 

May 

Jnne.M 

July 

Aagost 

September 

Oiober 

November 

Year. 

5 


1886-6. 


a 

a 


2.88 
6.11 
6.18 
i<.71 
2.93 
5.79 
6.67 
6.40 
1.60 
.91 
2.77 
3.92 


46.87 


o 

E 


1.73 

6.21 

6.66 

2.80 

3.67 

2.09 

.91 

.81 

.14 

.06 

.06 

.66 


23.97 


1886-7. 


42 
.2 


3.30 
4.64 
6.06 
3.67 
3.18 
2.16 
7.27 
8.16 
3.84 
4.06 
1.90 
1.63 


48.74 


S 


2.34 

4.22 

3.94 

8.26 

1.46 

.71 

1.67 

1.96 

.81 

.41 

.36 

.23 


21.36 
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Flow  of  fhe  Neshaminy  Below  Vorks,  Pa.— Continued. 


1887-8. 

1888-9. 

MONTH. 

• 

a 

i 

5 

• 

1 

• 

December 

6.18 
4,47 
3.98 
5.15 
3.88 
2.87 
2.34 
3.71 
5.78 
6.93 
3.76 
3.49 

2.89 

4.60 

5.49 

4.89 

2.79 

.52 

.22 

.15 

.64 

2.63 

1.05 

2.34 

3.72 
8.61 
1.90 
3.37 
4.83 
4.90 
5.25 
12.42 
4.75 
8.56 
5.09 
8.58 

8.16 

2.92 

February 

.90 

MatcH.... , 

2.90 

April 

2.07 

May 

1.49 

June 

1Jl$ 

July 

5.47 

Auirust , 

8.37 

September 

8.51 

October.. 

20^5 

November 

6.31 

Year 

52.49 

28.21 

66.93 

85.81 

1889-90. 

1890-1. 

December 

1.88 
2.08 
4.28 
5.36 
2.46 
5.20 
4.51 
4.47 
6.30 
3.00 
6.18 
1.06 

1.88 

1.60 

3.00 

5.09 

1.77 

1.51 

.99 

.63 

.53 

.39 

2.16 

.78 

2.86 
6.28 
4.61 
4.91 
1.90 
2.92 
3.46 
5.71 
6.73 
2.54 
3.66 
1.88 

1.37 

January 

5.78 

February 

4.47 

March 

4.32 

April 

1.48 

May 

.32 

***"/ 

June 

.24 

July 

.34 

Auenist 

1.95 

September 

1.27 

October 

.55 

November 

.56 

Year 

45.78 

20.33 

47.46 

22.65 
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Flow  of  the  Neshaminy  Below  Forks,  Pa.— Oontinued. 


MOKTH. 


December. 
January... 
February.. 

March 

April 

Ua,j 

June 

July 

August 

September 
October  ... 
November 

Year.. 


1891-2. 


3 


4.19 
5.09 
1.06 
4.13 
2.24 
5.88 
3.38 
4.83 
3.37 
2.59 
.40 
7.14 


44.25 


^ 


8.02 

514 

.97 

3.56 

1.03 

1.28 

.67 

.53 

.20 

.10 

.04 

1.76 


18.20 


1892-3. 


i 

a 

1 

1.69 

1^5 

Perkiomen  Creek  Ghxugings. 

These  are  also  from  the  above- qaoted  reports  of  the  Chief  EDgineer 
of  the  Philadelphia  Water  Department  This  waternshed  lies  be- 
tween Qaakertown  and  Pottstown,  Pa.,  and  adjoining  the  two  pre- 
vious water-sheds  on  its  northeast  border.  Elevations  range  from 
200  to  about  1,100  feet.  The  northwestern  headwaters  are  in  a  quite 
hilly  country.  The  remainder  is  rolling  and  similar  to  the  water- 
shed of  the  Neshaminy.  Woods  cover  26  per  cent,  of  the  water- 
shed.   The  remainder  is  under  cultivation. 
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TABLB    No.  26. 

Rainfall  and  Stream-flow,  Perkiomen  Greek,  Pa. 
Area  of  water-shed,  152.0  square  miles.    In  inches  on  water-shed. 

1885. 
Rainfall.        *    Flow. 

October 4.74  .43 

November 3.88  1.79 


MONTH. 


December. 
January... 
February.. 

March 

April 

May 

June 

July 

August 

September 
October.... 
November 


1885-6. 


3.18 
4.21 
5.08 
3.96 
3.00 
6.59 
5.26 
5.06 
1.44 
1.37 
2.36 
5.28 


46.79 


o 


2.45 

3.03 

5.64 

2.58 

3.42 

2.64 

1.89 

1.11 

.35 

.23 

.26 

1.53 


25.13 


1886-7. 


3.76 
4.55 
5.64 
8.00 
2.84 
1.85 
5.87 
8.63 
2.76 
3.64 
1.44 
1.61 


O 


1.48 

4.00 

4.28 

8.03 

1.25 

.72 

.76 

2.07 

1.43 

.62 

.43 

.40 


45.59        20.37 


1887-8. 

1888-9. 

T)eCe»nbe'', „,,,,- tTTT-T-TtTTtTTT-TTT TTT---TT 

6.65 
5.01 
4.08 
5.15 
3.43 
3.16 
1.62 
2.77 
8.02 
7.36 
3.41 
3.42 

2.13 

3.66 

4.41 

5.10 

3.45 

.92 

.39 

.25 

1.53 

3.68 

1.26 

2.46 

4.37 
3.86 
1.99 
3.17 
5.05 
4.55 
7.16 
12.23 
4.00 
7.00 
4.78 
8.67 

2.89 

jAniifl.rv 

3.27 

February 

March 

1.47 
3.01 

April 

2.07 

May 

1.58 

June 

2.65 

July 

4.89 

•'*"^ • • 

Ausrust 

2.48 

Seotember..... 

2.80 

October 

2.84 

November • 

6.67 

54.08 

29.24 

66.83 

36.12 
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Bainfoll  and  Stream-flow,  Perkloinen  Oreek,  Pa. — Continued. 


1889-90. 

1890-1. 

MONTH. 

i 

a 

• 

o 

• 

s 

a 

3 

^ 
g 

December 

1.70 
2.81 
4.37 
6.56 
2.80 
6.43 
2.40 
5.20 
6.75 
3.71 
5.48 
1.12 

1.27 
2.05 
3.68 
5.58 
2.60 
3.15 

.94 
1.09 
1.08 
1.30 
2.36 

.87 

2.71 
6.30 
3.84 
6.07 
1.98 
1.99 
3.01 
7.73 
7.57 
2.63 
3.52 
1.99 

1.14 

Januaiy 

5.29 

February 

4.18 

March 

4.29 

April 

1.80 

U2LJ 

.66 

June 

.36 

July 

.85 

.    •' • 

Auirast 

2.04 

Sept^nber 

1.58 

October 

.56 

NoFember 

.60 

49.33 

25.87 

49.34 

23.30 

December 
January... 
'February.. 

March 

April 

May 

June 

July 

August 

September 

•Oiiober.... 

November 


1891-2. 

4.73 

2.89 

5.57 

4.79 

1.25 

1.17 

5.00 

4.05 

1.78 

1.16 

5.33 

1.83 

3.18 

.89 

5.19 

.73 

2.70 

.76 

2.21 

.33 

.46 

.21 

6.64 

2.11 

44.04 

20.92 

1892-8. 


1.89 

1.23 
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Potoffioo  Biver  OaugingM. 

The  Potomac  record  we  have  taken  from  a  paper  by  CTms  C^ 
Babb,  in  the  Transactions  of  the  American  Society  of  Civil  Engineers. 
The  observations  were  made  for  the  United  States  Geological  Survey 
at  Great  Falls,  Md.  The  following  description  is  from  Prof.  Geo. 
F.  Swain's  report,  in  Yolame  16,  Tenth  Census  of  the  United  States,. 
"  Water-Power : '' 

''The  two  branches  which  form  the  river  rise  in  the  AUeghenies^' 
the  north  branch  near  the  western  corner  of  the  State  of  Maryland, 
and  the  soath  branch  in  Virginia  and  West  Virginia,  near  the 
Boarces  of  Cowpastare  and  Jackson's  rivers  (the  h^waters  of  the 
James),  whence  it  flows  nearly  north.  These  branches,  with  their 
afflaents,  and  the  tributaries  of  the  main  stream  as  &r  down  as  the . 
Shenandoah,  drain  a  series  of  narrow  and  eenerally  fertile  valleys 
lying  between  the  parallel  ranges  which  make  up  the  system  of  the 
AUeghenies  in  this  r^on.  Their  falls  are,  as  a  rule,  not  very  large, 
their  declivities  uniform,  and  their  beds  gravel  and  sand.  Their 
chief  peculiarity  lies  in  the  fluctuations  to  which  their  flow  is  liable.^ 
The  rain  falling  on  the  mountains  is  shed  rapidly  into  the  water- 
courses by  the  steep  side  slopes  leading  to  the  narrow  valleys  below, 
and  there  being  few  lowlands  to  overflow,  and  so  to  store  the  freshet- 
water,  and  no  lakes  whatever  in  the  region,  these  streams,  and  with 
them  the  Potomac  river,  are  subject  to  very  sudden  and  heavy 
freshets,  while  in  dry  seasons  their  discharge  becomes  very  small. 
♦  ♦  ♦  f^rom  the  junction  of  its  two  branches,  the  Potomac  cuta 
through  the  mountains  nearly  at  right  angles.  Its  valley  in  this  part 
of  its  course  is  narrow,  its  fall  at  places  quite  rapid,  the  bed  generally 
gravel,  bowlders  and  sand,  with  rook  at  small  depth  and  often  at  the 
surface,  and  the  banks  generally  high  and  sometimes  precipitous^ 
with  not  many  low  grounds  subject  to  overflow." 
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TABLB   No.  27. 

Rainfall  and  Stream-flow,  Potomao  River. 
Area  of  water-shed,  11,043  square  miles.    In  inches  on  the  water-shed. 


1886-6. 

1886-7. 

MONTH. 

i 

.a 

• 

Si 

• 

a 
I 

■ 

o 

December 

2.60 
2.38 
3.88 
2.86 
3.56 
3.51 
4.44 
5.04 
2.17 
3.68 
1.21 
1.17 

1.14 

January 

Febniary 

4.40 
3.52 
4.59 
3.81 
8.61 
6.34 
6.81 
2.58 
2.21 
1.60 
4.03 

1.43 

2.20 

.58 

4.46 

2.52 

.30 

.55 

.63 

.34 

.35 

.80 

1.27 
2.28 

March 

2.84 

April  ..•• 

1.42 

May 

2.62 

June 

1.43 

July 

.64 

WW.J    ..•.••■•.«•.•. • • 

Anjniat 

.37 

September 

.37 

October 

November 

.35 
.33 

Year 

48.50 

14.16 

36.40 

15.06 

1887-8. 

1888-9. 

I^wember ....; 

3.23 
3.27 
2.71 
3.68 
2.01 
3.71 
3.40 
3.65 
4.78 
5.34 
2.74 
3.09 

.58 
1.33 
2.70 
3.01 
1.82 
1.11 

.88 
1.94 

.51 
1.70 

.74 
1.66 

2.60 
3.97 
1.85 
4.37 
5.14 
5.15 
9.56 
4.18 
3.83 
4.91 
3.70 
6.95 

1.43 

January 

3.26 

February 

1.77 

March... 

3.95 

April 

3.61 

May 

1.98 

June 

4  65 

July.... 

1.00 

August   

1.71 

September 

267 

October 

3.08 

November 

6.58 

Year 

41.61 

17.98 

56.20 

36.69 
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Rainfall  and  Stream-flow,  Potomac  Biver~Ck>ntinaed. 


MONTH. 


December 
January  .. 
February .. 

March 

April 

May 

June 

July 

August .... 
September 
October.... 
November 

Year. 


1889-90. 


.p4 


1.20 
1.44 
3.98 
4.16 
3.11 
6.86 
2.92 
3.04 
5.49 
4.15 
5.59 
1.04 


42.98 


o 


2.90 

1.01 

3.68 

5.09 

2.56 

5.26 

2.07 

.67 

.71 

.80 

2.46 

.94 


28.15 


1890-1. 


3 

•a 


3.14 
8.79 
4.15 
6.09 
3.23 
2.80 
4.83 
6.61 
4.02 
2.98 
1.09 
1.98 


44.71 


c 


.88 

4.25 

7.54 

6.23 

7.22 

.65 

2.23 

1.22 

.74 

.61 

.41 

.46 


32.44 


December. 


1891-2. 
Rainftill.  Flow. 


2.77 


1.01 


I  have  not  deemed  it  necessary  to  add  to  this  oolleotion.  It 
embraces,  so  far  as  I  have  learned,  the  best  material  obtainable  for 
the  eastern  United  States,  and  is  sufficiently  comprehensive  for  our 
purposes. 


ANALYSIS  OF  GAUGINGS. 


Our  first  step  mast  be  to  trace  the  relationship  between  annual 
rainfall,  stream-flow  and  evaporation.  Throaghout  this  analysis  it 
will  be  impossible  and  useless  to  attempt  to  carry  the  reader  through 
all  the  detail  of  the  processes  by  which  our  results  are  reached,  and  we 
only  aim  to  give  so  much  of  it  as  will  enable  him  to  follow  in  outline 
our  method.  First  correcting  the  observed  yearly  rainfall  and  flow 
to  allow  for  rain  carried  over  to  the  following  year,  and  for  water 
drawn  from  ground-storage  when  we  find  such  correction  to  be  neces- 
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Barjy  and  then  groaping  the  yean  in  dasses  oorresponding  doeely  in 
the  amoont  of  rainfall,  and  taking  the  averagee  for  each  saoh  group, 
we  obtain  the  results  shown  in  Table  No.  28. 


TABLB   No.    28. 
Yearly  RainflBill,  Flow  and  Bvaporation  ftt>m  Qaugrinffs. 

SUDBURY   WATKR-SHED,  MEAN  LATITUDE,  42**  16^. 


RainfUl. 

Stream-flow. 

Evaporation. 

31.65 

11.40 

20.16 

39.40 

18.08 

21.32 

43.97 

22.31 

21.66 

46.39 

23.54 

22.86 

60.85 

27.23 

23.62 

52.33 

28.80 

23.63 

56.98 

31.97 

24.01 

CONNECTICUT  WATER-SHED,  MEAN  LATITUDE,  43°  30^. 

Rainfall.  Stream-flow.  Evaporation. 

43.84  27.33  16.61 


CROTON  WATER-SHED,  MEAN  LATITUDE,  41°  20^. 


Rainfall. 

Stream-flow. 

Evaporation. 

40.07 

18.67 

21.40 

44.42 

22.29 

22.13 

47.06 

23.29 

23.77 

50.05 

27.33 

22.72 

PASSAIC  WATER-SHED,  MEAN  LATITUDE,  41°  00^. 


Rainfall. 

Stream-flow. 

Evaporation. 

38.52 

17.66 

20.97 

43.49 

23.11 

20.38 

46.30 

24.11 

22.19 

61.70 

36.90 

24.80 

70.88 

45.23 

26.66 

TOniCKOX  WATER-SHED,   MEAN   LATITUDE,   40°   25^. 


ftinfaU. 

Stream-flow. 

Evaporation. 

46.38 

24.45 

21.93 

60.42 

27.13 

23.29 

70.38 

43.97 

26.41 
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NEBHAMIHY  AND  FERKIOMEN  WATSB-SHED8,  MEAH  LATITUDE^  4(P  2(K. 

B&infalL  Stream-flow.  Erapontion. 
44.91                                  19.95  24.96 

45.69  20.35  25.84 

49.14  23.52  25.62 

60.09  32.35  27.74      • 

POTOMAC  WATER-SHED,  MEAN  LATITUDE,  39°  50'. 

Rainfall.  Stream-flow.  Eraporatlon. 

45.43  20.70  24.73 

The  Connecticut  gaugings  are  very  unsatisfactory.  I  have  merely 
given  above  an  average  for  the  year^  embodying  the  entire  series. 
When  we  come  to  separate  them  into  six-month  periods  we  shall  see 
that  most  of  the  irregularity  is  in  the  winter  flow.  Consequently 
we  shall  postpone  further  consideration  of  the  Connecticut  The 
Potomac  series  also  is  best  treated  by  periods.  Above  I  have  taken 
the  means  for  four  years,  rejecting  two  years  for  the  present  as  ques- 
tionable. There  is  a  strong  probability  that  either  the  rainfidl  or 
flow  observations  are  in  both  cases  somewhat  faulty.  Let  us  first 
study  the  Sudbury,  Croton  and  Passaic  gaugings. 

TABLE   No.    20. 

B^vaporation  for  Given  Annual  Precipitation  on  Sudbury, 

Croton  and  Passaic. 


Annual 

EVAPORATION. 

Precipitation. 

Sudbury. 

Crotou. 

Passaic, 

31.55 

20.15 

38.52 

20.97 

39.40 

21.32 

40.07 

21.40 

43.49 

..  .  ...a 

20.38 

43.97 

21.66 

44.42 

22.13 

46.30 

22.19 

46.39 

22.85 

47.06 

23.77 

50.05 

22.72 

50.85 

23.62 

52.33 

23.53 

55.98 

24.01 

61.70 

24.80 

70.88 

•  •  •    •  •  • 

25.65 
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The  resemblanoe  here  is  strikiiigy  and  holds  good  for  the  dosest 
analysis.  The  series  are  long  and  the  character  of  the  streams  well 
known.  As  thej  all  obey  one  law,  and  so  closely  resemble  each 
other,  we  shall  combine  them  in  one  formula,  which  we  shall  nse  for 
a  starting  point  from  which  to  work  oat  to  other  streams  which  show 
somewhat  different  results.  Charting  the  above  values  and  adopting 
a  line  which  represents  a  safe  average  of  all,  we  obtain  the  following 
formula  to  express  the  relation  between  annual  precipitation  and 
annual  evaporation  on  these  streams : 

JS;=  15.50 +  .16  B 

In  this  and  subsequent  formulae  JE  equals  annual  evaporation,  B 
equals  annual  rainfall  and  F  equals  annual  flow,  the  latter  being  equal 
to  B  minus  E. 

A  careful  study  of  the  annual  precipitation  and  flow  of  the  other 
streams,  together  with  a  number  of  the  streams  in  the  Mississippi 
basin,  has  practically  demonstrated  that  the  difierence  in  amount  dis- 
charged for  given  rainfalls  is  due  almost  entirely  to  increase  or  de- 
crease of  evaporation  owing  to  increased  or  decreased  annual  tempera- 
tare.  The  capacity  of  atmospheric  air  to  absorb  moisture  is  about 
doubled  for  each  twenty  degrees  of  increase  in  temperature.  It  is 
therefore  safe  to  assume  that  the  power  of  the  atmosphere  to  draw 
moisture  from  the  earth's  surface  is  increased  in  like  proportion,  since 
statistics  of  evaporation  from  water  surface,  being  much  in  excess  of 
evaporation  from  earth,  show  clearly  that  the  evaporation  from  land 
surfisice  is  never  equal  to  the  demand  of  the  atmosphere  for  moisture. 
We  will  therefore  allow  for  other  water-sheds  an  increase  or  decrease 
of  6  per  cent,  from  the  values  given  by  the  above  formula  for  evap- 
oration on  the  Sudbury,  Croton  and  Passaic,  for  each  degree  of  in- 
crease or  decrease  of  mean  annual  temperature  fit)m  that  of  these 
three  water-sheds,  and  compare  the  resulting  evaporation  with  what 
has  been  actually  shown  as  the  result  of  gaugings. 
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TABLB   No.  30. 
Ck>mpated  and  Observed  Annual  Ehraporatlon. 


STREAM. 


Sudbury,  Croton  and  Passaic. 
Neshaminj  and  Perkiomen..., 

Mississippi 

IJpper  Mississippi 

Missouri 

Red 

Ohio 

St.  Croix 


ual 
ion. 

§a 

1 

ann 
itat 

rati 
ted 

Mean 
tempe: 

Mean 
precip 

Evapo 
compu 
above. 

49.7° 

46.26 

22.90 

61.7° 

49.96 

26.86 

62° 

29.67 

22.66 

48° 

23.13 

17.67 

48° 

19.60 

17.06 

60° 

38.60 

29.63 

66° 

43.10 

28.33 

48° 

30.00 

18.60 

c 
o 


111 

I' 


22.80 
26.96 
22.41 
18.48 
16.46 
29.76 
30.17 
18.90 


The  gangings  in  the  Missiasippi  basin  are  taken  from  the  table 
compiled  hj  James  L.  Greenleaf,  C.E.,  and  published  in  YoL  XYIL, 
Part  11.^  of  the  Tenth  Census.  They  are  from  good  souroeSy  but  not 
entirely  aocurate. 

So  far  as  we  can  tell  from  the  data  in  hand,  the  formula  which  we 
have  deduced  from  the  gaugings  of  the  Oroton,  Sudbury  and  Passaic 
holds  goody  therefore,  allowing  for  temperature  as  abovCi  for  such 
extreme  cases  as  60  degrees  mean  annual  temperature,  or  below  20 
inches  of  mean  annual  precipitation.  We  have  now  introduced  the 
element  of  mean  annual  temperature  in  order  to  make  our  formula 
applicable  to  all  streams.  Calling  this  T^  a  general  formula  for  all 
streams  would  be  as  follows : 

JS;=  (15.50  +  .16  R)  (1  +  (r— 49.7)  .05) 
or  E=  (15.50  +  .16  R)  (.05  T— 1.48) 

This,  however,  is  merely  a  suggestion.  Our  purpose  is  to  deduce 
laws  which  hold  for  our  own  State  only.  The  above  more  extended 
examination,  however,  will  serve  to  give  confidence,  inasmuch  as  it 
shows  temperature  and  its  consequent  greater  or  less  evaporation  to 
be  the  controlling  cause  of  divergence  in  the  yield  of  different  water- 
sheds from  a  given  rainfall. 

While  we  could  no  doubt  obtain  more  accurate  results  by  incor- 
porating the  element  of  temperature  in  our  formulae  of  monthly  flowy 
we  prefer  to  avoid  the  complication  which  would  result  in  actual 
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appUcatioDy  inasmiioh  as  we  do  not  believe  it  is  neceesary  or  deeirable 
to  introdaoe  so  mach  refinement  Applying  the  above  general 
formolay  bat  carrying  the  results  only  to  the  nearest  tenth,  we  obtain 
the  following  values  of  E  for  the  water-sheds  under  examination. 

TABLB   No.   31. 

FormulsB  for  Deduoinff  Annual  Evaporation  from 

Annual  Rainfall. 

Sodbuiy,  Croton,  FaBsaic,  Mean  Annual  Temperature,  49.7°,  ^=15.504-  .16  R 
Omnecticat,  Mean  Annual  Temperature,  47°,  E=  .9  (15.50  +  .16  R) 
TohickoD,  Neshaminj,  Ferkiomen,Mean  Annual  Temp.,  51.7°,  E=  1.1  (15.50  4-.16  R)  • 
Potomac,  Mean  Annual  Temperature,  52°,  ^=1.1  (15.50 +  .16  R) 

In  none  of  these  cases  is  the  mean  annual  temperature  so  closely 
determined  as  to  warrant  greater  accuracy  than  the  nearest  tenth. 
We  think  we  have  shown  8u£Sciently  well,  however,  that  variation 
in  temperature  is  the  real  cause  of  the  variation  of  yield  of  the  vari- 
ous streams  above  given,  and  a  much  more  potent  factor  than  forests, 
topography,  or  the  other  causes  usually  assigned  to  account  for  such 
viriation.  The  fiusts  of  greater  absorptive  capacity  of  air  when 
heated,  of  greater  humidity  of  the  atmosphere  of  southern  localities, 
and  the  smaller  relative  yield  of  southern  streams  are  all  matters  of 
general  scientific  observation. 

Inasmuch  as  our  term  evaporation  is  comprehensive,  including 
direct  evaporation  and  the  water  absorbed  and  transpired  by  plant 
growth,  the  water  available  to  produce  stream-flow  will  be  the  differ- 
mse  between  rainfall  and  evaporation,  or  i^=  22  —  E. 

We  have  determined  the  relation  between  yearly  rain,  evaporation 
and  flow.  We  have  next  to  determine  their  distribution  through  the 
year.  To  this  end  we  will  first  divide  the  year  into  two  periods  and< 
observe  the  relation  between  rain,  evaporation  and  flow  for  each. 
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TABLE   No.   32. 
Summer  and  Winter  Rainfall,  Flow  and  Bvaporatlon. 

STTDBURY  WATKB-8HSD. 


DECEMBER  TO  MAT. 

JUNE  TO  KOVEBCBEB. 

• 

3 

• 

i 

3 

1 

! 

16.45 
21.15 
24.17 
26.08 

11.26 
16.09 
19.21 
20.78 

5.19 
5.06 
4.96 
5.25 

14.75 
17.40 
19.22 
24.44 
27.68 
31.03 

1.71 
2.35 
2.63 
4.49 
6.99 
11.85 

18.04 
15.05 
16.59 
19.95 
20.69 

19.18 

CBOTON  WATEBH9HED. 


14.57 

11.13 

3.44 

17.25 

2.54 

14.71 

16.90 

13.33 

3.57 

20.87 

3.58 

17.29 

19.09 

13.84 

5.25 

22.28 

5.06 

17.22 

21.49 

16.64 

4.85 

25.54 

7.15 

18.39 

22.80 

18.60 

4.20 

28.01 

8.36 

19.65 

26.74 

21.26 

5.48 

PASSAIC   WATER-SHED. 


18.79 

14.33 

4.46 

15.88 

3.62 

12.26 

20.56 

15.65 

4.91 

20.20 

3.53 

16.67 

21.69 

16.75 

4.94 

22.83 

5.16 

17.67 

25.29 

20.25 

5.04 

23.98 

6.34 

17.64 

28.30 

22.52 

5.78 

25.64 

8.26 

17.38 

30.29 
45.69 

10.96 
20.44 

19.33 

25.25 

TOfllCKON   WATER-SIIED. 


22.70 
26.82 

18.25 
22.87 

4,45 
3.95 

20.87 
26.19 
29.00 
45.25 

4.65 

6.78 

12.12 

26.15 

16.22 
19.41 
16.88 

••••••••• »•••••••• 

19.10 

NESHAMINY  AND  PERKIOMEN  WATER-SHEDS. 


21.60 

15.14 

6.46        ! 

'        20.63 

4.03 

16.50 

22.69 

15.03 

7.66 

24.27 

593 

18.34 

23.67 

16.84 

6.73 

26.48 

7.00 

19.48 

24.67 

18.23 

6.44 

44.22 

22.10 

22.12 

26.64 

20.52 

6.14 

•••••••••••••••••a 
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Snnuner  and  Winter  Walnfall,  Flow  and  Bvaporation— Ctontinned. 


FOTOKAC  WATXB-BHXD. 


— 1 .-..._..._-_ 

DECEMBER  TO  MAY. 

JUNE  TO  NOYSMBSR. 

• 

1 

a 

• 

o 

• 

g 
1 

o 

r 

• 

a 

1 

• 

o 

• 

§ 
1 

o 

§■ 

18.70 
24.00 

11.06 
18.60 

7.64 
10.40 

19.56 
21.51 
22.62 

4.58 
5.67 
7.54 

14.98 
15.84 
15.08 

CONNECTICUT  WATER-6HED. 


15.38 

13.04 

2.34 

20.42 

5.86 

14.56 

16.80 

14.61 

2.19 

21.18 

7.89 

13^ 

19.59 

17.74 

1.85 

24.00 

7.66 

16.34 

26.95 
30.74 

8.21 
12.99 

18.74 

17.75 

•.•••.••••.|------ .---.----.. 

We  find  the  resemblanoe  between  the  Sudbury^  Croton  and  Passaic 
holds  good  for  these  periods  also.  Following  up  this  analysis  in 
detail  and  platting  the  resolts,  we  find  the  year  is  best  divided  into 
two  periods  of  six  months  each,  of  which  one  extends  from  December 
to  M[ay,  showing  small  evaporation,  which  varies  but  little  with  the 
ndnfall,  and  the  other  b^ins  with  June,  extending  through  Novem- 
ber, and  showing  large  evaporation  and  a  rapid  increase,  with  increased 
nun&ll.  Platting  and  adopting  a  line  to  represent  a  rather  high 
Qiean  for  these  periods,  we  obtain  the  following  formalse  for  the  Sad- 
boiy,  Croton  and  Passaic : 

December  to  May,  E=   4.20  +  .12  B 
June  to  November,  JS:=  11.30  +  .20  JB 

In  order  to  apportion  this  correctly  between  the  months,  I  have, 
for  the  winter  months,  taken  the  distribution  indicated  in  Table  17, 
^oe  the  conditions  closely  resemble  evaporation  from  water  surface. 
I^or  the  summer  months,  I  find  the  best  distribution  to  be  an  average 
hetween  that  for  long  and  that  for  short  grass  in  Table  14.  Tested 
^  the  results  shown  by  the  gaugings  themselves  after  frequent  trials, 
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I  have  found  that  with  slight  modification  near  the  ends  of  the 
periods  the  distribution  through  the  months  thus  obtained  is  aooonte 
within  the  limits  of  oar  data. 


TABLB  No.  33. 

FormulsB  for  Oomputinsr  Monthly  Blvaporation  firom  Monthly 

RainfalL 

SUDBURY,  CBOTON  AND  FASBAIC  WATER-6HEDS. 

e  =  Monthly  Evaporation ;  r  =  Monthly  Rainfall. 

December e=  .42  +  . 10  r 

January c=  .27  4-'10r 

February c=  .30  +  .10r 

March e=  .48  +  .10  r 

April e=  .87  +  .10  r 

May e=  1.87 +  .20  r 

June e=  2.60  +  .25r 

July e=  3.00  +  .30  r 

August e=  2.62+  .26  r 

September e=  1.63  +  .20r 

October. e=  .88  +  .12r 

November c=  .66 +  .10  r 

Year ^=15.60  +  .16  12 

It  woald  be  most  reasonable  to  adapt  theee  formulsB  for  other 
streams,  bj  applying  to  each  season  a  correction  of  five  per  cent,  for 
each  d^ee  of  difference  of  mean  seasonal  temperatore  above  or 
below  that  for  the  same  season  on  the  above  streams.  Oar  tempera- 
ture records,  however,  are  not  so  complete  or  accurate  as  to  make  this 
advisable.  We  shall,  for  the  limits  of  this  inquiry,  at  least,  obtain 
as  good  results  if  we  assume  the  difference  in  mean  annual  tempera- 
ture to  be  uniform  throughout  the  seasons.  To  obtain  the  monthly 
evaporation  for  other  streams,  then,  we  apply  to  the  results  obtained 
from  the  above  formulae  the  following  multipliers  which  we  have 
already  used :  Connecticut,  0.8 ;  Tohickon,  Neshaminy,  Perkiomen, 
1.1 ;  Potomac,  1.1,  or  in  general,  .05  T — 1.48,  in  which  1  equals  mean 
annual  temperature.  These  formulae  are  very  readily  applied  so  as 
to  obtain  the  evaporation  for  any  given  rainfall  in  any  month  of 
the  year. 
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Effect  of  Orowid-i&ore^e. 

If  ve  oompnte  the  evaporation  as  above  for  any  of  the  drier  years 
in  oar  oolleodon  of  gauginga,  we  shall  find  many  months,  and  some- 
times several  in  succession,  in  which  evaporation  equals  or  ezoeedB 
the  rainfall.  Let  us,  for  example,  take  the  Sudbury  in  1882  and 
1883.     We  have  two  dry  periods  giving  the  following  results : 


TABLB   No.   34. 


Supply  to  and  Draught  troai  Budbur;  Water-shed  DutIdb 
Dry  PeriodB. 

HOKTR. 

1 

s. 

1 

ii 

1 

91 

16 
10 
63 
63 
36 
66 

33 
67 
52 
21 
14 
16 
.33 
36 
66 
20 

II 

.1 

i 

1882, 

1.66 
1.77 
1.67 
8.74 
2.07 
1.16 
2.30 

1.86 
4.19 
2.40 
2.88 
.U 
1.62 
5.60 
1.81 
6.17 
4.71 

2.^11 
3i3 

304 
338 
1.13 
I.2I 
.65 

1.05          2 
2.71           1 
3.10 
3.fi0 
2X0 

\J,f, 
M 

.04           1 
,74          2 

1.66 
8.48 
5.10 
13.84 
16,91 
17.06 
19.36 

1.86 
6.04 
8.44 
11.12 
11.86 
1338 
18.98 
20.79 
25.96 
30.67 

JnU 

Ortoter  

1883. 

M«\;":;;;::;:""::"":"";"";:::;:"; 

jSe"™:: :::::::::;;::: ::::;::!::!!:;:; 

S^embn 

J-wrj 

29.02 

The  first  and  the  third  columns  of  figures  above  are  from  observa- 
tion. The  second  shows  evaporation  compated  by  our  formulie,  the 
fourth  shows  the  total  rain&ll  from  the  banning  of  the  period, 
which  is  the  supply  of  water  to  the  water- shed,  while  the  fifth  shows 
the  total  drawn  from  the  water-shed  by  evaporation  and  stream- flow 
combined.    Li  the  first  period,  it  will  be  noted  that  the  total  draught 
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ezoeedfl  the  total  supply  throughoat  until  December.  B7  the  end  of 
August  the  excess  has  reached  a  maximum  of  6.44  inches,  and  stream- 
flow  has  sunk  to  a  minimum  of  .10  of  an  inch  upon  the  water-shed. 
As  the  total  supply  approaches  the  total  draught,  in  the  last  two  col- 
umns, the  flow  increases.  In  the  second  period,  August  and  Septem- 
ber show  a  draught  in  excess  of  the  supply  over  seven  inches,  and  the 
stream-flow  is  again  at  a  minimum.  By  January,  the  supply  equals 
the  total  draught,  and  stream-flow  has  again  reached  about  the 
amount  with  which  we  started,  somethiug  over  two  inches.  Whence 
has  this  excess  of  6.44  inches  in  the  first  and  7.03  inches  in  the 
second  case  been  drawn?  Evidently,  there  is  but  one  source,  the 
stored  ground- water.  We  have  in  the  table  itself  the  proof  that 
there  was  great  depletion  of  storage,  for  in  September,  1882,  rain 
amounting  to  8.74  inches  fell,  and  yet  only  .63  of  an  inch  flowed 
ofi*  in  the  stream.  Mr.  Fitzgerald's  table  shows  that  not  over  4.2 
inches  of  this  would  have  evaporated,  even  from  a  water  surface. 
What  became  of  the  remainder?  Evidently,  it  went  to  make  up 
the  amount  which  had  been  drawn  from  the  ground.  At  the  end  of 
the  first  period,  in  December,  the  stream- flow  should  have  been  about 
two  inches  per  month,  but  it  was  then  winter.  A  part  of  the  pre- 
cipitation was  held  suspended  in  a  frozen  state,  consequently  the 
stream  did  not  fully  recover  its  normal  flow  for  full  ground- water. 
The  end  of  the  second  period  shows  more  clearly  the  rise  of  the 
stream  to  its  normal  flow,  as  the  ground-water  is  replenished  by 
rainfall,  although  here,  also,  the  excess  of  supply  over  draught 
in  December  was  probably  in  the  form  of  snow  or  ice.  The  flow 
of  the  stream  during  such  periods  as  these  is  almost  entirely 
drawn  from  ground-storage  and,  like  the  flow  from  a  constant 
outlet  in  any  reservoir,  it  decreases  as  the  water  lowers  in  the 
reservoir,  owing  to  a  decrease  of  the  head  which  forces  it  out, 
this  decrease  being  first  at  a  rapid  rate,  the  rate  diminishing  as 
the  reservoir  approaches  depletion.  We  learn,  therefore,  that  when 
supply  and  draught  are  equal  and  ground-water  is  full,  the  flow  of  a 
stream  will  be  the  difference  between  rainfall  and  evaporation.  We 
may  warn  the  reader  right  here,  however,  that  in  freezing  weather  a 
portion  of  this  theoretical  flow  may  be  held  back  as  snow  or  ice,  and 
carried  over  to  increase  the  flow  of  later  months  when  it  melts. 
Further,  a  part  of  the  rainfall  recorded  as  of  a  given  month  may  fall 
«o  late  as  to  not  fully  affect  the  stream  until  the  first  of  the  subsequ^t 


g!IT]TPP+i"'^f''  rTTTTFWIfR^' 


IfM 


WATER-SUPPLY.  83 

'month.  There  is  no  waj  to  provide  for  these  accidental  variations  in 
oor  forma)»,  nor  do  thej  practically  affect  the  valae  of  the  fonnaI» 
-althoQgh  due  allowance  should  be  made  for  them  when  we  come  to 
compare  theoretical,  computed  flow  with  flow  actually  observed 
Daring  months  like  those  in  the  above  table,  however,  in  which  flow 
18  bom  ground-storage,  it  is  necessary  for  us  to  determine  for  each 
stream  the  rate  of  monthly  flow  for  given  stages  of  depletion  of 
gToand-water,  before  we  can  compute  the  dry-season  flow  of  such  a 
stream.  This  is  readily  done  from  the  gaugings  by  an  analysis 
similar  to  the  last  table.  Thus  for  August,  1882,  the  depletion  at 
the  end  of  July  was  3.97  and  at  the  end  of  August  5.44  inches,  the 
average  being  4.70  inches,  and  the  corresponding  stream-flow  is 
.10  inch  on  the  water-shed  for  the  month.  Analyzing  any  set  of 
gangiogs  in  this  manner  and  platting  the  results,  we  can  construct  a 
curve  of  ground- water  flow,  like  those  produced  herewith. 

In  all  Uiese  analyses  the  flow  for  full  ground- water  seems  to  range 
doee  to  two  inches  per  month,  and  I  have  assumed  this  in  every  case. 
The  resemblance  between  the  Sudbury,  Croton  and  Passaic  is  marked 
for  high  ground- water,  but  for  lower  stages  the  Passaic  shows  the 
best-sostained  flow,  the  Croton  coming  next.  In  every  case  the  flow 
approaches  a  constant  as  the  surface  of  the  ground- water  approaches 
the  slope,  at  which  the  pressure  toward  the  point  of  delivery  is  nearly 
foaled  by  the  friction  of  the  material  through  which  the  water 
'flows.  In  similar  soils,  or  those  of  about  the  same  density,  the  de- 
livery of  ground- water  is  more  rapid  as  the  range  of  elevation  of  the 
^rfaoe  of  the  water-shed  increases,  a.  e.  where  there  is  the  boldest  relief, 
^iven  the  same  relief,  the  delivery  is  greater  for  material  presenting 
^he  most  voids ;  day,  loam,  sand  and  gravel  ranging  in  the  order 
oamed. 

HOW  TO  COMPUTB   FLOW. 

Applying  the  above  facts,  we  may  compute  the  flow  of  a  stream 
by  months  for  any  given  year  of  which  we  have  the  rainfall  recorded 
by  months.  First  we  enter  the  observed  rainfall  as  in  Table  No.  35, 
^d  beginning  with  December  for  reasons  already  considered.  In 
'^^  next  column  we  enter  the  total  rainfall  from  the  beginning  of  the 
7^  to  the  end  of  the  given  month.  Next  having  the  mean  annual 
temperature,  T,  we  determine  1  +  (7—49.7°)  .05,  the  factor  by 
"^hich  evaporation  as  found  for  each  month  by  the  formulse  of  Table 
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No.  33  is  to  be  multiplied  in  order  to  give  the  true  evaporation  (or 
the  stream  in  question.  Compatiug  this  evaporation  for  each  montk 
we  enter  it  in  the  third  column  of  figures,  the  total  from  the  begin- 
ning being  entered  in  column  four. 

Beginniug  with  December,  we  may  now  take  the  monthly  flow  aa 
equal  to  the  difference  between  rainfidl  and  evaporation  until  such 
difference  becomes  less  than  the  ground-flow  due  to  full  ground- 
water, or  about  two  inches.  When  the  difference  fisdls  much  below 
this  point,  our  ground-flow  diagram  is  brought  into  requisition. 
This  we  must  have  prepared  with  the  aid  of  gaugiugs,  or,  lacking 
these,  we  must  adopt  the  diagram  of  some  similar  water-shed.  We 
have  entered  our  monthly  flow  in  the  fifth  and  its  total  in  the  sixth 
column.  So  long  as  the  total  rainfall  in  the  second  column  equals 
the  total  evaporation  plus  the  total  flow,  the  ground-water  remains 
full  at  the  end  of  the  month.  So  soon  as  the  surplus  of  rain  over 
evaporation  is  less  than  the  amount  which  the  ground  of  the  water- 
shed will  deliver  into  the  stream,  a  deficiency  will  occur,  ground- 
water will  lower,  "  wet-weather  springs  *'  will  b^in  to  dry  up.  We 
must  now  seek  a  monthly  flow  which  will  be  such  as  to  correspond  to 
the  average  condition  of  the  ground- water  during  the  month.  Gall- 
ing the  depletion  at  end  of  previous  month,  shown  in  column 
seven,  dij  and  that  for  the  month  under  consideration,  d2,  we  have 
rf2  =  rfx  +  e+/ — r.    The  average  depletion   for  the   month,  or 

d=-^^    ^  =  ^1  +  -^    +  s^>  or  more  conveniently  c?  =  ^  +  rfi — 
Here  all  are  known  quantities  excepting/.    In  our  example 


2    • 

April  is  the  month  under  consideration,  c?i  =  o,  r  =  1.82  and  e  =■ 

f 
1.05.    Substituting,  we  havecl=  '-  —  .38  for  the  condition  to  be 

satisfied.  An  inspection  of  the  ground*  flow  diagram  of  the  Sudbury 
shows  that  for/=  1.44,  d  =  .34,  which  satisfies  the  above  conditions. 
With  a  little  practice,  one  or  two  mental  trials  will  fix  the  value  of 
/  with  slight  effort.  The  diagrams  present  advantages  over  a  ground- 
flow  formula  with  varying  constants  and  co-efficients  for  different 
streams,  being  more  readily  compared  and  insuring  greater  accuracy. 
It  should  be  noted  that  /  can  in  no  case  be  less  than  r  —  e  —  dij  for 
the  rain  of  a  month  goes  partly  into  the  ground  to  replace  depletion 
at  the  b^inning  of  the  month,  partly  to  evaporation  and  the  balance 


WATER-SUPPLT. 


86 


4nD8t  flow  off  in  the  Btream,  althoagb  it  may  be  held  back  io  the  form 
-of  8D0W  oi  ice  to  flow  off  in  a  later  month. 

The  examples  here  given  are  intended  also  to  indicate  bow  the 
-4x>mpnted  and  observed  flowi  of  streams  compare. 


TABLB  NO.  36. 
Computed  and  Observed  Flow,  Sudbury  River. 


•^ 

^1 

s 

11 

^.. 

SS 

1 

ll 

II 

3i 

.79 

.79 

3.17 

3.17 

.87       1.6f! 

r>.o> 

8.25 

.75      2.41 

3R( 

12,06 

.74      3.15 

1.91 

13.9e 

1.05      4.20 
2,88      7.08 

1.44 

15.4C 

16.92 

2.91      9.9t 

17.74 

3.53    1352 

.21 

17.94 

3.04     16.66 

1ft 

18.0J 

3.3g     19,94 

.21 

I8.2E 

1.13,  2i.o: 

]■& 

19.57 

1.21 

22.28 

.13 

20.30 

.66 

22.93 

,7S 

21.02 

1.67 

22.6B 

.68|   24.lt 

a.it 

25.88 

.661   24.82 

1.12 

27.00 

1.05;    26.87 

1.52 

28,52 

2.71     28.5f 

1.2- 

29.76 

3.10    31.6i 

.7( 

30.46 

3.80    3&.4i 

.2; 

30.69 

2,80,  38.21 

.i( 

3085 

1,93'    40.21 

.u 

30.9S 

x 

.841   42  60 

.38 

31.61 

1881-2. 

December 

.  Jtumarv 

'Febtnary 

March 

JiAjZZ'.'.'.Z'. 

Augtut 

'^epMiiibet 


1882-3, 

December 

.  Januarj 

February 

Maix* 

April 

'juljZ"'.'.'.'.'.'.'. 


::i  lis 


*CoiTecled  for  deflclency  or  1.41  rrom  prevloiia  year. 


15.43 

17.73 
18,64 


21.47 
22.13 
26.00 
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Summary  by  Secusons,  Sudbury  River. 


1881-2. 

1882-3. 

• 

a 

Computed 
Flow. 

Observed 
Flow. 

• 

Is 

Computed 
Flow. 

Observed 
FJow. 

Winter. 

14.46 
9.54 

12  05 
4.87 

8.87 
8.86 

8.98 
7.82 

5.68 
3.88 

2.82 

SoriDi? 

6.87 

•""r**"©  ••••••• 

December  to  May 

24.00 

16.92 

17.73 

16.80 

9.46 

9.69 

Summer 

5.10 
11.96 

1.17 
2.21 

1.16 
1.42 

5.82 
8.93 

1.09 
.79 

.87 

Autumn 

.84 

June  to  November.... 

17.06 

3.38 

2.58 

14.75 
31.55 

1.88 

1.71 

Year 

41.06 

20.80 

20.31 

11.34 

11.40 

Oar  winter-oompated  flows  are  generally  larger  than  the  obaerved^ 
as  they  inclade  snow  and   ioe  carried   over  into  the  spring.    No 
formola  can  make  proper  allowance  for  this.    It  varies  with  every 
winter,  and  we  can  only  say  that  with  full  ground-water  the  flow 
will  not  usually  fall  lower  than  one-half  the  theoretical,  and  rarely 
in  any  case  will  the  monthly  flow  in  this  season  fall  below  half  an 
inch  on  the  water-shed.    The  extremely  light  winter  flow  of  1882-3' 
on  the  Sudbury  was  due  to  a  combination  of  freezing  weather,  snow 
and  ice  and  low  ground- water.     At  the  close  of  April  the  observed 
flow  equals  the  theoretical.    The  actual  winter  flow  is  about  60  per 
cent,  of  the  theoretical.     The  difference  would  be  the  equivalent  of 
27  inches  of  snow,  or  a  less  amount  accompanied  by  ice.     The  actual 
amount  held  back  as  snow  or  ice  in  New  Jersey  can  rarely  exceed' 
three  inches.     From  December  to  May  the  computed  and  observed  * 
total  flows  agree  well.     For  the  first  year  I  have  corrected  the  De- 
cember observed  flow  to  allow  for  1.41  inches  of  water  which  would' 
have  flowed  ofi*  had  it  not  gone  to  make  good  a  depletion  of  that 
amount  of  ground- water  at  the  end  of  November.     This  method  of 
computation  often   links  two  years  together  in  this  way,  and  for 
illustration  of  this  I  have  computed  the  two  years  above  continu- 
ously.   This  shows  how  the  year  1 882-3  began  with  a  shortage  of 
1.62  inches  from  the  previous  year,  and  ended  with  a  depletion  of 
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1,63  inoheB,  sbont  the  same  amonnt.  The  flow  of  11.40  ioobeB  for 
3I.fi6  inohes  of  rain  was  therefore  aboot  nonDa],  or  more  ezaotly  it 
shonld  be  11.63,  showisg  evaporation  to  be  19.72.  Oar  formala 
S  =15.50  + .16  R  ffvsB  E=20M  inohee,  or  somewhat  larger. 
^e  reason  is  that  the  heavier  rainfall  was  in  theaommer  and  spring, 
the  seasons  of  mazimnm  evapoiation. 


TABLB  No.  30. 
Computed  and  Observed  Flow,  Oroton  River. 


MONTH. 

J>1 

II 

05 

II 

h 

1- 

1 

li 

li 

Hi 

oil 

11 

1° 

1879-80. 

4.DS 
S.80 
2.97 
4.01 
3.57 
1.00 
1.06 
5,67 
8.82 
2.50 
2.75 
239 

2.44 
4.86 
4.96 
6.15 
1.34 
3.46 
6.05 
2.07 
2.66 
.70 
2.79 
5.21 

4.08 

7.88 
10.85 
14.86 
18.43 
19.62 
20.68 
26.15 
29.97 
32.47 
35.22 
37.61 

2.44 

7.30 
12.26 
18.41 
19.65 
23.11 
28.18 
30.23 
32.89 
33.59 
36.38 
4 1. 59 

.83 
.66 
.60 

l!23 
2.09 

2.77 
4.67 
3,57 
2.33 
1.21 
.90 

.66 

':S2 

1.09 
.99 
2  26 
3.76 
3.62 
3.28 
1.77 
1.21 
1.18 

lAi 

2,08 
2.96 
4.19 
6.28 
9.05 
13.72 
17.29 
19.62 
20.83 
21.73 

.66 
1.66 
2A6 
3.55 
4,54 
6.80 
1056 
14.18 
17.46 
19.23 
20.44 
21.62 

s.u 

2.37 
3.13 
2.34 
.82 
.25 
.22 
.24 
.24 
.27 
.52 

.86 
3.86 
4.16 
5.06 
1.25 
I.2S 
1.25 
.35 
.22 
.18 
.18 
38 

1.88 
6.03 
7.40 
10.63 
12.87 
13.69 
13.84 
14.16 
14.40 
1464 
14.91 
15.43 

.86 
4.72 
8.88 
13.94 
16.19 
16.42 
17.67 
18,02 
18.24 
18.42 
18.60 
18.98 

full, 
ftiU. 
full, 
fall, 
full, 

— 3^78 
-3,10 
—3,00 
—3.  hi 

—  1,SS 

full, 
lull, 
full, 
full. 
-1.00 
-1.03 

—  .PS 
—2,89 
-3  73 
—4  98 
-.■^,58 

—  .07 

2.62 
2.75 
2.89 
1.96 
.85 
,37 
,35 
,24 
,25 
,20 

: 

2.32 
6,42 
1.69 
1.26 
1.46 
.47 
.23 
.14 
.19 

M^;.:;:;;::::::::::' 

J-17 

13.67 

Seplember    . 

14.78 

1880-1. 
December.... 

.47 

UuGh 

ig-::-::;-:::::::::- 

9.40 
11.09 
12.36 
13.81 

Julj. 

14£1 

14,65 

oSX .'::;;:::::" 

HoTember. 

16.34 

i        GEOLOGICAL  SURVEY  OF  NEW  JKB8ET. 
CtompQted  and  Obsarvad  7l0'w,  Oroton  BItst— OontlnuAd. 


0? 

i- 

■  fiq 

II 

1*; 

-nil 

i 

-3 

ll 

11 

ll 

ll 

ll 
11 

ll"? 

Illi 

1} 

1871-2. 

1 

1.44 

2,6» 
4ft3 

.68 
.41 

.68 
lOfl 

1.91 
lOfl 

1.91  roll. 

2.94'    full. 

210 
1.88 

Jaouwy 

3.98 

Febniwy 

S.Z& 

.41 

1.6] 

M 

3.74    full. 

J. 07 

5.06 

a59 

3.04 
8.SS 
4.00 
4.S4 

7Ji4 
10.88 
14.67 
18.57 
22.91 
28.90 

.74 
1.17 
2.61 
3.60 
4.30 
4.12 

2.26 
3.42 
S.03 

9.53 
13.83 

17.95 

l'.S7 
1.57 
.98 
.61 
.79 

5.69,   full. 
7.46,   full. 

1,31 

2.97 
1.20 
1.14 
.55 
1.24 

Sy  ":■"■"" 

jnS^ ::::::::::::::;:; 

10.01 
10.62 
11.41 

-  .97 
—1.54 

—  .46 

July 

i2.sa 

13.46 

September 

3.6( 

SUM 

H.3; 

20.32 

13( 

12,71 

—  4< 

1  If 

14.69 

2.16 

l.U 

21. 4{ 

1.21 

13.9! 

—  .6i 

).o: 

15.66 

aammary 

by  Seaaona, 

1879-80. 

1880-1. 

1871-2. 

1 

10.S6 

8.67 

19.52 

1 

u 

i  h 

1 

1 

is 

ii 

12,26      8,88 
10.85      7.54 

23.11     16,42 

3.98 
8.37 

5.26 
9,32 

3.74 

5.29 
9.03 

Spriig 

6.29 

5,70 



12,95 

6.48 

Dec.  to  May.. 

13,69 

12.36 

14,57 

10.63 

-1 ' 

2.10 
.83 

2.99 

14,33 

10.76 

26.08 

2.38 
5.64 

8,02 

2.93 
4.68 

7.61 

Autumn 

June  to  Nov.. 

7.64      I.03I       .87 
18.09      1.74|     1,83 

8,70:        .74 
18,i8|     2.56 

Year 

37,61 

15,43 

14,78 

41,69!    18,98 

15.34 

39.65 

17.05 

18.14 

□  careruUy  correcied,  and  dlffera  sHghtlj  (r 


As  we  sbonld  expect  from  the  oature  of  the  gaugingB  and  tbe 
aDBatisfactory  rainfall  recorda,  tbe  agreemeDt  is  lesa  satisftotory  od 
the  CrotoD,  but  there  are,  nevertbelees,  convincing  evidenoeB  of  the 
oorrectnesB  of  our  formula.     For  1879-SO,  the  excess  of  computed 
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over  observed  winter  and  spring  flow  is  to  be  acoonnted  for  by  the 
filling  of  storage  reservoirs.  We  have  corrected  the  monthly  flow  in 
summer  for  this  and  the  following  year  for  water  drawn  from 
etorage,  deducting  the  same,  but  we  have  no  data  by  which  to  deter- 
mine the  amount  to  be  added  to  winter  and  spriog  flow  except  that 
we  know  it  amounted  to  1.40  inches  on  the  water-shed  in  the  aggre- 
gate. The  summer  and  autumn  of  1880  show  a  good  agreement  be- 
tween computed  and  observed  flow.  The  winter  and  spring  of  1880-1 
show  a  large  excess  of  computed  flow^  1.4  inches  of  which  is  due  to 
artificial  storage,  leaving  an  excess  of  2.7  inches  still  unaccounted  for. 
The  general  agreement  for  the  whole  series  with  the  results  given  by 
the  formula  justifies  the  conclusion  that  this  is  either  error  in  gauging 
or  rainfall.  A  generally  fair  agreement  is  noted  for  the  rest  of  the 
year. 

TABLB  No.  37. 
Ck>mputed  and  Observed  Flow  of  Passaio  River. 


MONTH 


§.2 
1^2 


1879-80. 

December 

January 

February 

March 

April 

May 

June 

July 

August 

September.... 

October 

November 


5.04 
2.40 
2.72 
4.12 
2.89 
.61 
1.44 
7.69 
4.87 
2.18 
1.70 
2  32 


ftj 

.^ 

1 

O    1 
►»  1 

03 

^3 

■2  o 

V  a 
^  o 

Tota 
rainl 

Mon 
orati 

Tota 
orati 

6.04 

0.92 

0.92 

7.44 

.51 

1.43 

10.16 

.57 

2.00 

14.28 

.89 

2.89 

17.17 

1.16 

405 

17.78 

1.99 

6.04 

19.22 

2.86 

8.90 

26.91 

5.31 

14.21 

31.78 

3.84 

18.05 

33.96 

2.07 

20.12 

35.66 

1.08 

21.20 

37.98 

.89 

22.09 

o 

a 


6 


4.12 

1.89 

2.15 

3.23 

1.73 

.74 

.31 

.32 

.50 

.55 

.47 

.65 


f*; 


4.12 
6.01 
8.16 
11.39 
13.12 
13.86 
14.17 
14.49 
14.99 
15.54 
16.01 
16.66 


gft^ 


^3  I 
pfe 


full. 

full. 

full. 

full. 

full. 
—2.12 
—3.85 
—1.79 
—1.26 
—1.70 
—1.55 
—  .77 


o 

pd  o 

oa 


2.42 

3.55 

2.64 

2.55 

2.09 

1.04 

.32 

.42 

.50 

.48 

.22 

.74 


-s 


02 


2.42 
5.97 
8.61 
11.16 
13.26 
14.29 
14.61 
15.03 
15.53 
16.01 
16.23 
16.97 
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.„„. 

£-1 

ll 

II 

ll 

111 

II 

j1 
i'i 

ll. 

It; 

.! 

il 

17.90 
21.30 
26.11 
29,22 
30.42 
31.32 
32.57 
33.09 
33.37 
33.62 
33.87 
34.17 
36.48 

2.15 

6.98 
10.93 
12.88 
14.02 
15.52 
16.78 
17.93 
19.14 
22.38 
23.54 

&; 

■31  1 

a  ^11 

full, 
full, 
fall, 
full. 
—1,13 

—  .67 

—  .36 
-2.68 
-4.80 
—5.83 
-4.25 
-2  40 

full. 

0 

il 

.68 
1.14 
3.69 
6.77 
1.68 
.89 
1,89 
.39 
.27 
.26 
.26 
.57 
1.65 

2.01 
3.24 
3.30 
209 

2.74 
1.78 
1.47 
1.04 
1.52 
2.49 
1.37 

11 
ll 

1880-1. 

December 

jMuary 

PebruaTT 

2,70 
4.08 
4.67 
5.10 
1.04 
2.78 
6.42 
1.86 
.90 
1.06 
3.03 
3.12 

"' 

2.69 

4.69 
6.03 
2.58 
4.39 
4.66 
6.14 
4.96 
3.73 
6.S0 
.76 

40.68 
44.76 
49.33 
64.43 
55.47 
58.26 
63.67 
66.52 
6G.42 
67.48 
70.6B 
73.68 
78.27 

2,60 
7.28 
13.31 
15.89 
20.28 
24.83 
30.97 
35.93 
39.66 
44.86 
46.81 

'm 

.76 
.99 
.97 
1.42 
3.86 
3.56 
2.84 
1.84 
1.25 
.97 
.88 

.54 

.76 
1.08 
1.13 
2.75 
3.64 
4.84 
3.86 
2.38 
1.50 

.73 

22.78 
23.46 
24.22 
25.21 
26.18 
27.60 
31.45 
85.01 
37.86 
39.69 
40.94 
41.91 
42.79 

.54 
1.30 
2.S8 

3.51 
6.26 
fl.90 
14.74 
1860 
20.98 
22.48 
23.21 

1.24 
3.40 
3.81 
4.11 
1.20 
.90 
1.26 
.62 
.28 
.26 
.25 
.30 
1.31 

2.15 
3.83 
4,95 
1.45 
1.64 
1.50 
1.26 
1.15 
1.21 
3.24 
1.16 

17.66 
18.79 

March     .. 

Miy  ..::.■;::'::;;;'::: 

ju^:::::::::::::::::: 

July 

34.00 
34.27 
34.63 

November 

35.35 

1890. 

February 

March 

June 

—  .43 

—  .65 

-  .60 

-  .46 

July 

17.58 

-1.14 
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Summary  by  Seasons. 


1879-8C 

L 

1880-1. 

1890. 

3 

a 

Computed 
flow. 

Observed 
flow. 

• 

Computed 
flow. 

Observed 
flow. 

• 

a 

Computed 
flow. 

Observed 
flow. 

Winter 

10.16 
7.62 

8.16 
5.70 

8.61 

5.68 

1 

11.35 
8.92 

8.45 
6.21 

5.41 
9.34 

11.45 
13.00 

8.17 
8.04 

7.2a 

SoriDsr 

9.03 

•^r*"*o  ••••• • 

Dec  to  Maj... 

17.78 

13.86 

14.29 

20.27 

14.66 

14.75 

24.45 

16.21 

16.26 

Summer 

14.00 
6.20 

1.13 
1.67 

1 

I.24I 
1.441 

8.17 
7.26 

2.05 
.80 

2.55 
1.08 

15.63 
9.68 

3.91 
5.61 

4  29 

Autumn 

5.38 

June  to  Nov... 

20.20 

2.80 

2.68 

15.43 

2.85 

3.68 

25.33 

9.52 

9.67 

Year 

37.98 

16.66 

16.97 

35.70 

17.51 

18.38 

49.78 

25.78 

25.93 

In  this  case  the  summary  shows  a  fair  agreement,  the  estimated 
flow  osoally  being  a  little  less  than  the  observed,  therefore  on  the  safe 
side.  In  1880-1,  which  was  a  dry  year,  the  winter  flow  is  3.04 
inches  less  than  the  computed  flow,  this  amount  being  carried  over  in 
the  form  of  snow  and  ice  to  increase  the  spring  flow.  The  other 
years  show  much  smaller  discrepancies,  but  it  is  apparent  that  it  is 
always  possible  that  three  inches  of  the  theoretical  winter  flow  may 
be  carried  over  to  the  spring,  even  in  the  driest  years,  in  northern 
New  Jersey. 

We  observe  for  all  of  these  streams  that  our  formula  holds  good 
in  some  remarkably  trying  cases.  Bearing  in  mind  what  we  have 
said  as  to  accidental  variations  of  flow  which  cannot  be  provided  for, 
it  will  be  found  that  in  general  the  same  range  of  flow,  the  same 
trying  dry  periods  and  heavy  flows  are  shown  in  the  computed  as  in 
the  observed  monthly  flow.  For  instance,  in  Table  No.  35,  Septem- 
ber, 1882,  shows  8.74  inches  rainfall,  yet  the  observed  flow  was  but 
•63  inch.  The  table  explains  all  this.  No  system  of  percentages 
would  do  so  much.  In  this  particular  case  the  observed  flow  is 
larger  than  the  computed,  because  some  of  the  rapidly-falling  rain, 
about  4  per  cent,  ran  off  over  the  surface.  80  in  June  of  the  same 
year  we  can  account  for  1.66  inches  of  rain  and  .82  inch  flow  in  the 
fiu»  of  the  "2.91  inches  evaporation  by  the  fact  that  ground- water  was 
called  upon  to  supply  2.07  inches. 
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Another  etriking  test  of  the  tables  u  in  April,  1881,  on  the  Croton 
— 1.26  inohee  flow  for  1.24  inohefl  rain — and  again  on  the  Puuio,  in 
May,  1880.  By  the  percentage  ayetem  auoh  casee  would  appear 
anomaloaa.  Here  they  are  iotelli^ble.  We  coold  give  many  more 
itluBtrationB,  bat  this  mnat  Boffice  to  explain  why  we  have  adopted  a 
new  departare  in  our  methods  of  oomputing  Sow. 

We  note  a  maximnm  depletion  of  6  inchee  in  1883  on  theSndbary, 
of  4.98  inchee  on  the  Croton  in  1881,  and  6.83  on  the  Passaic  in 
1881.  Probably  either  water-shed  may  be  wanted-  upon  to  furnish 
something  over  6  inches  from  gronnd-water  in  an  extremely  dry 
year.  Evidently  all  are  liable  to  droughts  as  severe  as  that  un  the 
Sudbury  in  1882-3,  at  long  intervals. 

As  our  formula  was  deduced  primarily  from  these  three  streams,  it 
would  seem  necessary  to  push  our  teste  further  to  include  some  water- 
sheds of  different  mean  annual  temperature  and  different  topography. 
The  gangings  on  the  Neshaminy  and  Perkiomen  are  about  the  only 
once  snitable  for  a  fair  test,  but  others  may  at  least  be  indicative  of 
the  probable  applicability  of  the  method. 


TABLB    No.   38. 
Computed  and  Observed  Plow,  Nestaaminy  Greek. 

KVAPORAXrOK    EQUALS    THAT    FOB    THE    SUDBURY,   CROTON    AND    FA3SJ 


I 


i  Hi 
J|  i  il 


188M-9. 
December ...... 

January 

February.. 

Mny. ..".'.'".'!"!! 

jur;.::::::::;::: 

August 

September  

October 

November  ., 


3.72 
7.33| 
9.23, 


5.25    27.5S,     4.19, 


M5fl    53.311     3.671 


5S    AS 


s:2     t" 

c  a   ;  02 


.(19  1.66i  2.92 
M  2.10,  1.381 
.90;     3,00,     2.47; 


1I.S2 
19.211 
23.40; 


S.63I    Hli93i      l.flti    30.371      6.8 


7.13 
9.60 
12.95 
14.70 
15.76 
20.79 
21.97 
26.24 
2'.t.69 
I    36.56 


11.95 
13.4t 
14.60 
20.07 
23.44 
26.95 
29.60 
3fi.Sl 
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Oompnted  and  Observed  Flow,  NeehamlDjr  Greek— Continued. 


.„„. 

a! 

II 

^1 

4-1 
11 
II 

n 

i 

J 

o  a 

"2^ 

li 

1 891-2. 
December 

4.19 
5.09 
1.06 
4.13 
2.24 
6.83 
3.38 
4.83 
3.37 
2.69 
.40 
7.14 

4.19 
9.28 
10.34 
14.47 
16,71 
22.64 
25.92 
30.75 
34.12 
36.71 
37.11 
4425 

.92 
.SO 
1.46 
.98 
1.20 
3,34 
•    3.67 
4.78 
3.S1 
2.36 
1.02 
1.51 

.92 
1.78 
3.24 
4.22 
6.42 
8.76 
12.43 
17.21 
21.00 
2346 
24.47 
26.98 

327 
4.23 
.78 
1.97 
1.04 
2.49 
.82 
.34 
.19 
.10 
.04 
300 

3,02 

514 
.07 
3.66 
1.03 
1.28 
.57 
.53 
.20 
.10 
.04 
1,T6 

8.16 

8.28 
10.25 
11.29 
13.78 
14.60 
14.94 
15,13 
15.23 
16.27 

-1.18 

full, 
full, 
full. 

-1.11 

—1.40 
-2.10 
—1.97 

—2.69 

MuX!:.";:  :::::;;■ 

1.5.00 

jT/eV".'".' :;■;■■.■." 

Summary  by  Seasona,  Heeliamlny  Creek. 


1888-9. 

1891-2. 

K 

3 
J 

si 

h 

™. 

9.23 

la.io 

7.13 

7.67 

14.70 

6.98 
6.46 

10,34 
12.20 

22.64 

8.28 
6.60 

13.78 

1.36 
3.13 

4.49 

December  to  May... 

22.33 

13.44    1 

10.00    i 
12.37     j 

15.00 

Snmmer 

22.42 
22.18 

7.27 
14.59 

11.58 
10.13 

21.71 

June  to  November^. 

44.60 

21.86 

22,37     ! 

3.20 

66.93 

36.56 

36.81     1 

44.25 

18.27 
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TABLB  Ho.  39. 

Obearvwl  and  Oomputed  Flow,  Perkiomsn  Oreek. 

[    E(tl'AL3    THAT    FOR    THE    SCDBUBY,   CROTON    AND    PAB8AIC 


MCI.' 


■    1.1. 


1686-7. 

December 

Jennary 

Febrnujr 

April..!!!!!!!!!!! 
mj 

July!!!!!!!!!!!!!! 

Augost 

September 

October 

November 

1887-8. 

December 

JoDuarj 

February 

Ma"..!!!!!!!!!!!! 

jlir^Z!!!!!!!!!! 

Auguel 

September. 

October. 

November 

•  Correcwa  for  i 


13.95 
10.95 
19.79 
21.64 
27.51 
3Q.14 


3.76 
4.89 
2.14 


11.57 
17.72 
21.36 
23.98 
25.11 


28.S4 
29.94 
31.27 


11.33 
13.47 
15.05 


II 


10.66 
18J» 
14.94 
1666 
16.42 
18.49 
19.42 
SO.H 
20.07 
21.37 


23.M 
27.16 
31.67 


19.67      I.IO!    .52,31, 


40.64 
42.92]  f 
44.04J   full. 
46.3ti    f  ■■ 
lettciency  of  pievlmie  year. 


41.68 
43.21 
46.89 
48.15 
60.61 
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Summary  by  Seasons,  Perkiomen  Creek. 


1886-7. 

1887-8. 

1 

as 

• 

a 

as 

s 

•8 

t 

1 
1 

t 

to 

Winter 

13.95 
7.69 

11.33 
4.46 

10.66 
5.00 

15.74 
11.74 

11.91 
7.25 

10.20 

SDrinfiT 

9.47 

•^r**"© •••.•••.•••••.••••.•. 

December  to  May 

21.64 

15.79 

15.66 

4.26 
1.45 

27.48 

19.16 

19.67 

• 

Summer 

17.26 
6.69 

3.29 
1.50 

12.41 
14.19 

.90 
5.72 

2.17 

Autumn , 

7.40 

June  to  November.... 

23.95 

4.79 
!    20.58 

5.71 

26.60 
54.08 

6.62 

25.78 

9.57 

Year 

45.59 

21.37 

29.24 

I  do  not  give  an  example  from  the  Tohickon.  Its  ground-flow  is 
practically  the  same  as  the  Neshaminy,  which  it  closely  resembles  in 
the  dry  seasons.  Its  gaugings  in  winter  show  abnormally  heavy 
flow,  indicating  uncertain  data  either  as  to  rainfall  or  flow.  A  rule 
which  will  apply  to  the  Neshaminy  applies  equally  well  to  this. 

The  computed  flows  of  the  Neshaminy  in  1888-9,  a  very  wet  year, 
agree  well  enough  for  the  total,  with  some  marked  discrepancies  at 
times  which  appear  to  be  due  to  rainfall  running  ofi^  without  filling 
the  ground.  It  is  a  peculiarity  of  the  red  shale  soil  that  it  sometimes 
becomes  baked  by  the  sun  in  summer,  and  at  such  times  a  highly- 
•concentrated  rainfisill  may  run  ofi^  without  **  filling  the  springs/'  as 
the  ordinary  phrase  expresses  it.  In  such  cases  the  ground-water 
must  be  replenished  by  the  later  rains,  and  the  theoretical  and  actual 
flow  will  again  come  together.  For  the  average  year  of  1891-2  the 
results  are  on  the  safe  side,  and  show  the  same  general  range  as  the 
observed  flows.  For  the  Perkiomen  the  results  are  in  all  cases  on 
the  safe  side  for  the  two  consecutive  years,  1886-7-8.  Indeed,  it 
will  be  found  that  generally  the  errors  of  the  formula  are  on  the  side 
of  safety.  It  is  not  safe  for  the  engineer  or  millwright  to  depend 
upon  flows  which  may  be  called  accidental,  due  to  concentrated  rain- 
fidl,  low  summer  temperature  or  perhaps  heavy  local  showers  not 
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recorcled  by  the  rain-gaages.  It  is  the  regalar,  steady  flow  resal  "^ 
iog  from  a  steadily-falling  raio,  or  from  groand-water  flow,  whiofa  ^^ 
luefal  to  them. 

TABIiH  No.  40. 

Oompated  and  Observed  Floir,  Potomac  Biver. 

EVAPOOATIOM    EqUAIS    THAT    FOB    1 


1.1. 


1886-7. 
^Member.... 

Jumuy 

Febnuiry 

Uu«l) 

3^fZ'.'.'.'.'.'Z 

Beptember ... 

Odobei 

NOTembet.... 

1887-8. 
Decnnbei ... 

Jumuy 

Febniarj 

March 

J^". .'!!!!"!! 

3^j.Z'.'.Z''. 

AngOBt 

September... 

October 

Novembar... 


« 

.  I 

ti 

-^ 

hH 

iSs 

2.60 

2.60 

2,3( 

4.98 

3.8f 

8.86 

2.8( 

11.72 

3.56 

16.28 

3,6] 

18.79 

iA'. 

23.23 

6.W 

28.27 

2.17 

30,44 

3^E 

34.02 

1.2] 

36,23 

1.17 

36.40 

3.23 

39.63 

3,K 

42.90 

2.71 

45.61 

3.6t 

4S.2S 

2.01 

51.30 

3.7] 

56.01 

3.4( 

58,41 

3.6f 

62.06 

4.7f 

66.8^ 

5.3< 

72.18 

2.7' 

74,92 

3.09 

78,01 

S 

i« 

I 

a; 

•^i 

B 

n 

li 

-2I 

1S 

^^ 

£  a 

II 

^s 

6  s 

73 

1.87 

1,87 

full. 

1.14 

1,2H 

i.m;! 

3,7C 

full. 

1.27 

f.m 

3,13 

fiRJ- 

fll]], 

2.28 

VW 

2.03 

8.8< 

fu]l. 

2.84 

4,1SI 

'i.2H 

11, IH 

fntl. 

1.42 

fiW 

ISC 

12.31 

,66 

2.62 

.7e 

13.15 

.If 

1.43 

lfi,7H 

,T( 

!3,H5 

1,31 

.64 

IHIh 

.45 

14.27 

29f 

.37 

'MW 

.3C 

14.57 

2.2'. 

.37 

2K,H(1 

34 

14,!l] 

2.4* 

.35 

23.64 

.32 

16.23 

2.17 

.33 

24  46 

.45 

15.68 

,50 

.68 

26.11 

2,1] 

17,7t 

full. 

1.33 

9M^ 

?W 

19  87 

fill]. 

2.70 

WK! 

2.75 

22.62 

full. 

3.01 

27,«fi 

^M 

23,91- 

.5; 

1,82 

307? 

.9; 

24.9( 

,61 

1,11 

34  4( 

.a{ 

25,5( 

1.4! 

.88 

HK,H2 

.3f 

26,Kfi 

2,62 

1.94 

42  91 

3: 

26.H 

%9i 

.51 

45  N1 

.3) 

1.70 

47,22 

l.W 

2so:- 

:t! 

.74 

4N,29 

1,69 

29,72 

full. 

1.66 

n 


13.64 
14.01 
14^ 
14.7S 
16.06 


16M 
16.97 
19.67 


30.64 
31.38 
33.04 
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Bnmniary  by  Seasons, 

,  Potomao  River. 

1886-7. 

1887-8. 

• 

Computed 
flow. 

Observed 
flow. 

a 

a 

Computed 
flow. 

Observed 
flow. 

Winter 

8.86 
9.93 

6.83 
5.56 

4.69 

6.88 

9.21 
9.40 

4.64 
5.03 

4.61 

Spring 

5.94 

*^           o  ...••••.••• 

December  to  Mav. 

18.79 

12.39 

11.67 

18.61 

9.67 

10.55 

Sainmer.. 

Antonm 

11.65 
5.96 

1.88 
.96 

2.44 
1.05 

11.83 
11.17 

1.28 
3.54 

3.83 
4.10 

June  to  November.... 

17.61 

2.84 

3.49 

23.00 

4.82 

7.43 

Year 

36.40 

15.23 

15.06 

41.61 

14.49 

17.98 

With  the  ezoeption  of  the  winters  of  1889-90  and  1890-91,  and 

the  summer  of  1889,  which  show  sach  questionably  large  flows  in 

proportion  to  rainfall  that  I  have  disregarded  them,  the  series  on  the 

Potomao  seem  to  come  under  the  rule  very  well.    The  above  are  the 

driest  years.     1886-7  shows  an   excellent  agreement   throughout. 

1887-8  shows  a  considerable  excess  of  observed  over  computed  flow 

in  July  and  September,  which  may  be  due  to  heavy  local  rains  not 

shown  by  the  rainfall  records.    Undoubtedly,  our  formula  applies 

here  within  safe  limits,  and  gives  results  as  large  as  any  conservative 

hydraulic  eugineer  would  dare  to  apply  to  actual  practice. 
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TABLB   No.  4L 
Observed  and  Computed  Flow,  OonneoUout  Blver. 


.„„.. 

^  li 
11 

05 

11 

ll 

1' 

H 

3  3 

n 

II 

ii 
la 

1! 

] 

1874-5. 

1.S2 
3.40 
2.B5 
3.18 
2.64 
3.24 
4.80 
3.60 
4.84 
3.03 
4.46 
3.0, 

3.88 
2.fi4 
.62 
6,16 
2.35 
1.26 
4.92 
6.01 
3.32 
1.88 
6.18 

1.82 
5.22 
8.17 
11.35 
13.89 
17.13 
21.03 
25.43 
30.27 
33.30 
37.76 
40.83 

3.88 
6.42 
7.04 
12.20 
14.65 
15.81 
20.73 
26.74 

30.oa 

31.44 
37.62 

.64 
.56 
.54 

.72 
1.01 
2.27 
3.33 
3.65 
3.45 
2.03 
1.28 

.88 

.73 
.47 
.33 
.90 
.99 
1.91 
3.36 
4.32 
3.11 
1.72 
1.4ti 

.54 
1.09 
1.63 
2.35 
3.36 
5.63 
8.96 
12.ei 
16.06 
18.08 
IS)  .36 
30.24 

.73 

1.20 
I. S3 
2.43 
3.42 

6.33 
8,69 
13.01 
16.12 
17,84 
19,30 

1.38 
2,85 
2.41 
2.46 
1.53 
1.44 
1.32 
.93 
.81 
.92 
2.45 
2.19 

3.15 
2,07 
1.14 
3.41 
1,62 
.84 
.77 
I.OO 
.96 
.74 
2.62 

1,38 
4.13 
6.54 
900 
10.63 
11.97 
13.29 
14-23 
15.03 
15.96 
18.40 
20,59 

3,15 
6.23 
6.36 
9,77 
11.39 
13.23 
13.00 
14.00 
14,96 
15  70 
18,32 

full. 

full. 

full. 

full. 

full. 
.47 
.32 
1.40 
.82 
.73 

full. 

full. 

full, 
full, 

M 

foil. 

.26 

1.75 

.96 

,37 

1.02 

2.10 

full. 

full. 

.76 
.72 
1.14 
2.06 

6.14 
4.69 
1.60 

.97 
1.36 

.74 
1.16 
1.73 

.72 

.74 
.78 
3.92 
4.64 

1.91 

ro7 

.97 
.76 
1.34 
3.19 

1 

F^b^T 

MMch.... 

4 

10 

M^:::::::::::::::: 

17 

September 

?0 

?1 

1876-7. 

j^ :::::::::::::::: 

July 

BBplember 

October... 

20 
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ObMrrad  and  Oompatad  Flow,  Oonneottout  EUver— Oontinued. 


.™^ 

Is 
I'i 

II 

ll 

h 
II 

-J 

ll 

11 

6s 

11 

ft 

J 

O    S 

11 

^     1877-8. 

1.44 
3.20 
2.56 
2.23 
7.62 
2.64 
4.79 
3.29 
4.23 
2.34 
2.34 
4.11 

44.20 
47.40 
48.8e 
62.19 
69.71 
62.36 
67.14 
70.43 
74.66 
77.00 
79.34 
83.45 

.60 
.63 
.61 
.63 
1.46 
2.16 
3.33 
3.59 
3.30 

i.gg 

1.04 
.96 

20.85 
21.39 
21,89 
22.62 
23.98 
26,14 
29.47 
33.06 
36.36 
38.26 
39.29 
40.25 

.91 

2.67 
2,05 
1.60 
6.06 
1.22 
1.06 
.86 
.66 
.77 
.78 
2.12 

23.3-5 
26.02 

28.07 
29.67 
35.73 
36,95 
38.01 
38.87 
39.53 
40.30 
41.08 
43.20 

fall, 
full. 

full. 

fall. 

full. 
.74 
.34 
1.60 
1.23 
1.65 
1.03 

full. 

1.96 
1.26 
2.06 
3.67 
6.21 
3.59 
1.51 
.87 
1.12 
,84 
.60 
1.81 

JnnuT 

&tr- 

Anil 

26.19 
29.86 

•k 

38.66 

ife;:::;:::::;:. 

41.04 

B^bi      .... 

OaSr      

Kowmber. 

45.61 

1874-6. 

1876-7. 

1877-8. 

1 

h 

M 

1 

1 

ol 

1 

2 

3  It 

6S 

1 

u 

vim 

8.17 
8.96 

6.64 
5.43 

2.62 
12.89 

7.04 

8.77 

16.81 

6J6 

6.87 

12.23 

2.24 
10.47 

12.71 

720 
12.39 

19j;9 

6.68 

6.88 

14.64 

*4ij ..::..:.;:.;, 

D«,toM«y... 

17.18 

11.67 

15.61 

17.74 

ft>u>„     . 

18.14 
10.66 

23.70 

3.08 

3.82 

1425 
12.70 

273 
7.45 

2.92 
5.29 

12.31 

6.79 

21.10 

2.68 
3.67 

6.26 

SS:::::::::::: 

8.62      7.44 

Jul  to  Nov.... 

26.96 

10.18 

6.2t 

6.96 

Y«r 

40,83 

20^    2a.»6 

42,76    22.41 

20.92 

40.69 

20.79 

24.69 

In  the  ConnecticQt,  as  in  die  Potomao  eeriee,  there  are  some  periods 
<^  tax  montha  in  which  a  mere  inspection  shows  the  flow  to  be  mnoh 
^  Urge  io  proportion  to  the  run&ll  shown  by  available  records. 
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The  followiog  are  examples  from  the  Comieoticat  series : 

1872-8 December  to  Maj. Rain,  18.08 Flow,  21.88 

1878-4 "  "       "     20.24 "     24.07 

1875-6 "  "       "     20.41 "     26.16 

Such  discrepancies  cannot  be  reconciled,  and  are  so  clearly  due  eith^ 
to  some  discrepancy  in  ganging  or  to  insufficient  rainfall  data  that  we 
have  thrown  them  out.  Clearly  they  are  unsafe  goides  to  any 
knowledge  of  the  real  relation  between  the  flow  of  the  Conneoticnt 
and  the  rainfall  upon  its  water-shed. 

The  other  discrepancies  above  shown  are  generally  explainable. 
Thus  during  the  first  half  of  1874-6  and  1877--8  there  were  prob- 
ably snow  and  ice  carried  over  from  the  autumn  before.  Indeed,  the 
autumn  flow  of  1877  shows  that  such  was  the  case.  In  general, 
there  are  enough  points  of  coincidence  between  computed  and  observed 
flows  to  at  least  strongly  suggest  that  with  data  as  good  as  we  have 
for  the  Passaic  and  Sudbury  the  agreement  would  be  equally  good 
for  the  Connecticut,  excepting  for  the  fact  that  there  is  a  much  larger 
holding  back  of  the  flow  in  the  form  of  snow  and  ice.  The  carrying 
over  of  winter  flow  into  spring,  and  even  June,  on  this  stream  is  well 
illustrated  by  the  daily-flow  diagrams  of  the  stream  given  in  the 
appendix. 

General  Oondusiona. 

The  result  of  our  analysis^  therefore,  may  be  summarized  as  follows: 

1.  All  streams  are  outlets  for  surplus  waters  not  evaporated  or 
drawn  up  to  support  vegetation. 

2.  Evaporation  is  mainly  aflected  by  the  temperature  of  the  atmos- 
phere, and  such  temperature  is  the  principal  cause  of  variation  in  the 
total  run-ofl*  of  streapis.  Diflerence  in  the  character  of  vegetation 
upon  the  water-shed  will  produce  lesser  differences  in  flow,  which  are 
scarcely  appreciable  for  such  a  range  of  conditions  as  we  have  pre- 
sented by  the  water-sheds  under  consideration. 

3.  The  dry-weather  flow  of  a  stream  is  mainly  aflected  by  the  flow 
from  ground-wata:. 

4.  When  rain  is  less  than  evaporation  plus  stream- flow,  the  defi- 
ciency is  made  up  from  stored  ground-water,  which  may  at  times  sup- 
ply the  equivalent  of  six  inches  of  rain,  but  the  larger  the  amount 
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thas  supplied  daring  dry  seasons  the  larger  the  deficiency  to  be  made 
good  from  snb^eqaent  rains ;  conseqaently,  a  larger  dry-season  flow 
does  not  mean  a  larger  total  run-ofi; 

6.  The  distribution  of  flow  has  little  to  do  with  the  total  yield  of  a 
wat6^6hed,  and  oar  analysis  does  not  seem  to  warrant  the  common 
ooDolasion  that  saoh  yield  varies  from  80  to  90  per  cent  for  steep, 
moimtainoas  water-sheds  to  46  or  60  per  cent,  for  flat,  caltivated 
lands  and  prairies.  We  do  find  a  greater  percentage  of  yield  £rom 
colder  water-sheds  and  for  heavy  rainfalls,  and  believe  that  it  is 
doe  to  the  fact  that  the  conditions  of  heavier  rainfall  and  cooler  air 
Qsoally  obtain  in  moantainoas  countries  that  this  theory  has  gained 
credence. 

For  dry  years,  however,  oar  theory  of  flow  explains  and  agrees 
with  the  best  eogineering  practice.  Actual  experience  has  resulted  in 
bydraalic  engineers  adopting  between  16  and  11  inches  as  the  avail- 
able total  runH)fi*  of  streams  in  this  region  in  dry  years.  Let  us  take 
the  driest  years  of  our  difierent  streams  and  see  what  they  teach : 


Flow 

Observed 

Computed  bj 

Rainfall. 

Plow. 

Yearly  Formula. 

31.56 

11.40 

11.00 

37.61 

14.78 

16.09 

37.98 

16.97 

16.16 

44.25 

18.20 

19.41 

45.59 

20  37 

20.62 

42.76 

20.92 

22.66 

36  40 

15.06 

12.96 

Stream.  Year. 

Sudbury 1882-3 

Croton. 1879-80 

Passaic 1879-80 

Neshaminy 1891-2 

Perkiomen 1886-7 

Connecticut 1876-7 

Potomac 1886-7 

The  differences  here  shown  between  the  computed  and  observed 
flows  are  mainly  due  to  draughts  upon  ground-water,  causing  an  excess, 
or  to  depleted  ground- water  at  beginning  of  year,  causing  a  deficiency 
in  observed  flow.  Our  comparison  of  observed  and.  computed  flows 
hj  months  shows  this  in  detail.  What  we  wish  to  impress  upon  the 
Header  is  that  there  is  every  reason  to  expect  from  the  above  that  any 
of  these  streams  would  show  as  small,  or  a  smaller,  flow  than  the 
Sadbury  with  an  equally  light  rainfall.  Therefore,  if  the  rainfall 
Qpon  their  water-sheds  is  likely  to  fall  as  low  as  31.66,  their  mini- 
mom  flow  will  be  11  inches  or  less.  Our  rainfall  records  show  that 
SQoh  a  low  rain&ll  is  likely  to  be  reached  at  long  intervals,  and  that 
amseqnently  we  may  expect  a  minimum  of  1 1  inches  flow  upon  the 
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Sadbaiy,  Croton  and  Paasaio,  of  9  inoheB  on  the  Neshaminy, 
men  and  Potomac  and  13  inoheB  apon  the  Conneoticat  water-shed,  at 
least  npon  portions  of  their  water-shed  not  larger  than  the  Sadboiy 
drainage  area,  or  aboat  75  square  miles.  We  are  inclined  to  the 
opinion  that  these  extremely  light  rainfalls  are  nsually  local,  and 
therefore  that  larger  water-sheds  are  rarely  subject  to  a  less  annual 
rainfall  than  abont  35  inches  in  the  New  England  and  Middle  States^ 
corresponding  to  a  flow  of  12  inches  for  the  Perkiomen,  Neshaminy 
and  Potomac,  14  inches  for  the  Passaic,  Croton  and  Sadbory  and  16* 
inches  for  the  Connecticut. 

Maadmum  and  Minimum  Flow, 

Thas  far  we  have  not  toached  upon  the  question  of  the  relative 
steadiness  of  flow  of  different  streams.  The  monthly  flow  which  we 
deduce  by  our  formula  will  give  a  very  good  idea  of  the  value  of  a 
stream  for  water-supply  or  water-power.  In  general,  the  larger  the 
ground- flow  the  steadier  the  stream  as  to  daily  variation  of  flow.  The 
diagrams  of  daily  flow  which  we  give  in  the  appendix  are  also  guides 
to  the  characteristics  of  the  several  streams.  The  next  point  of  im- 
portance for  industrial  purposes  is  the  maximum  and  minimum  flow 
of  the  streams.  We  cannot  do  better  than  give  for  this  purpose  a 
collection  of  the  observed  maxima  and  minima  expressed  in  cubic  feet 
per  second  per  square  mile  of  water-shed.  Such  a  table  will  enable 
one  to  judge  how  great  flood- flows  must  be  provided  for,  and  how  low 
the  flow  is  likely  to  fall  for  a  few  of  the  driest  days  of  a  great  drought. 
It  will  be  useful  for  comparison  as  we  take  up  the  several  streams 
of  the  State  in  detail. 
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TABLB  Ho.  43. 
Greatest  and  Iieost  Ttow  of  StreamB. 


vrrods    HIllTkndcDUiDK. 


T.G.EIIIk.   NumcrouglikCB 


TOln.     Wooded.     Moau- 
ulnooB  Ln  pw. 
I.    I.ooials.      Report  New 
York   Com  mil  WD    Public 
Works.  1ST*. 

.  J.  R.  Croei  »nd  O.  W, 

nowell. 

J.  J.  R.  Ctoea.    Very  bioken 

--■1  UDilnlBlorJ.     aiUs 

:d  uid  TockT.    Laniely 

adcd.      UtUe   cultl- 


From  rua  of  ml  lit. 
Croea  Ik  Howall,  Out.,  1SJ5. 
L.  B.  Wsnl.  September,  ISSS. 


■o  weekB,-C.  C,  V, 
iwo   mulmB 


Mlnlmam,  Beptcmber.IWl. 
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Oreateet  and  Least  Flow  of  Streams— Oontiiinad. 


Mosoonelcciig- 

FftullDelilli .'!!!]!! 

PftulintkUt 

P»uUniliill 

JaCkMmbnrgb 

ewulsw'd'iiiiie 

i^neei!!! !!!!!!!!! 

Pequost. 

Greu  Rgg  Bu- 

Ferklomeu 

EchuylUll 


jBCkiODbDrgh.. 


Belvidere 

TowDBbnry  ..... 
Tranquil  Itj... 
HunlsvilJe..,. 
AUuBOchTp'i; 
Hunl'BPonS.. 


Poloi 


FoUtmao « 

Polomac  ...._. 

Rack  Creek  _. 

Qreeenbrlei'.. 

Shenkudoah . 


OreatFalla..... 
Hoyte'ii  Mill.. 


u  of  mill  in  ISSL 


UlnlmiuD  ftwn  Tan  of  mllL 


S' 


Ige  Uubor  wilbout  EloF- 
■ce. 
)  AnDital  ReparU  of  Chlaf 
y    Enelneer   of    FbJUdel- 
j     phfa  Water  DeparOnenl. 

E  F.  Bniltb  and  B.  P.  U. 
Birklnblne.  Hilly  and 
mlilng.    No  lakes.    Bonw 


r.  R.  HultoD  and  PalterBon. 

Kattow  lilleyi.     Steep 

BlopeH.  Wooded    Kolakea. 

Qupled   by  W.  R    Hutua. 

nlopes.  Wooded,  NolakOL 
V.  R.  Quilon.    Countrr 


UrNellL  Uounialnonl. 
Bleep.  Nolakee.  WoodsO. 
imesHerrOQ.  Hill;.  Llm«- 


:  b.  Wbltcomb  and  W.  L 
CutEhaw.  UonntalOMa 
la  upper  part.    No  lakea. 

P.  C.  Kerr.  Low  vtMt. 
Open     ClM  »"•!    i™™"- 

No  lakea.    Fen 
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The  nuudmam  flow  of  a  stream  is  affaoted  by  the  steepness  of 
elopes  of  drainage  area  and  the  length  and  distribution  of  the  branches. 
A  loDgy  narrow  drainage  basin,  with  short  branches  well  distributed 
along  the  main  stream,  like  the  Musoonetcong,  will  give  a  much 
smaller  flood- flow  than  one  nearly  round  with  several  large  branches 
fooQsing  into  one  center,  like  the  Baritan.  Again,  such  a  water- 
shed as  the  latter  may  have  great  flats  bordering  the  streams  over 
which  flood- waters  spread  and  are  delivered  gradually  to  the  lower 
stieam,  like  the  Passaic.  These  facts  make  it  impossible  to  classify 
the  streams  according  to  volume  of  flood-flow.  The  least  flows, 
however,  are  afiected  almost  entirely  by  the  ground  and  surface-stor- 
age fitcilities  of  the  drainage  areas.  We  may  compare  these  flows  in- 
teUigently.  Let  us  separate  the  above  streams  into  classes,  according 
to  size  of  drainage  area. 

TABLB   No.  43. 
Drainafire  Areas  of  From  O  to  200  Square  Miles. 

Minimum  Flow. 
Drainage  Area.      Cubic  Feet  per  Second  per 
Stream.  Square  Miles.  Square  Mile. 

Sudbury 78  .036 

HaWs  Brook 24  .136 

Croton,  Weet  Branch 20  .020 

Ramapo 160  .140 

Pequannock 63  .130 

PaulinskiU 126  .130 

request 83  .170 

Tohickon 102  .001 

Neshaminy 189  .009 

Perkiomen 162  .050 

Rock  Creek 64  .114 

Hackensack 115  .190 


Drainage  Area,  200  to  2,000  Square  Miles. 

Minimum  Flow. 
Drainage  Area.       Cubic  Feet  per  Second  per 
Stream.  Square  Miles.  Square  Mile. 

Concord 861  .170 

Charlee 215  .200 

Housatonic 790  .165 

Croton 339  .150 

Paaeaic 797  .170 

Schuylkill 1,800  .170 

Baritan 879  .140 
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Minlmnm  Fkwr* 
Drainage  Area.        Cnblo  FMt  per  Second  per 

Stream.  Square  Miles.  Square  MUe. 

Potomac 920  .022 

Greenbrier 870  .120 

Shenandoah 770  .167 

Neuse 1,000  .193 

Great  Egg  Harbor 216  .270 


Drainaffe  Area  over  2,000  Square  Miles. 

Mlnimnm  Flow. 
Drainage  Area.         Cubic  Feet  per  Second  per 
Stream.  Square  Miles.  .    Square  Mile. 

Merrimack 4,599  .810 

Connecticut 10,234  .306 

Delaware 6,790  .170 

Ohio 19,900  .114 

Potomac 4,640  .078 

Kanawha 8,900  .123 

James 6,800  .191 

Of  the  first  group  of  smaller  streams  it  should  be  noted  that  on 
streams  of  this  size  the  absolute  minimum  may  be  zero.  The  flow 
may  be  easily  reduced  at  times  to  nothing  by  the  temporary  holding 
back  of  the  flow  in  some  mill-pond  or  reservoir,  and  always,  from 
such  causes,  it  is  difficult  to  determine  the  natural  minimum  by  ob- 
servation. We  believe  that  this  is  partly  the  reason  for  the  wider 
variation  of  minimum  flow  noticeable  for  the  smaller  streams,  although 
of  course  small  drainage  areas  will  also  differ  more  in  the  yield  from 
ground- water  than  larger  ones.  The  Sudbury  minimum  flow  would 
seem  to  be  abnormally  small  for  a  stream  of  its  class.  It  is  notioe- 
able  that  the  Croton  west  branch  is  also  low  in  its  minimum.  The 
first  seven  streams,  together  with  Bock  creek,  belong  to  a  class  of 
hilly  or  mountainous  drainage  areas  of  a  type  generally  resembling 
our  own  Kittatinny  valley  and  Highland  regions.  They  show  a 
minimum  ranging  from  .020  to  .170,  with  a  strong  probability  that 
the  natural  minimum  ranges  between  .10  and  .15  for  such  streams. 

The  Tohickon  and  Neshaminy  are  representative  of  the  red  sand- 
stone region,  the  streams  of  which  are  of  known  low  dry-season  flow^ 
and  it  is  probable  that  .000  fairly  represents  the  minimum  of  streams 
of  about  100  square  miles  water-shed  of  this  type,  while  smaller 
streams  of  high  channel  slope  and  shallow  valleys  sometimes  entirely 
dry  up. 
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The  Perkiomen  drainage  area  is  of  a  mixed  oharaoter,  lyiog  partly 
upon  the  gneissic  hills  and  partly  upon  the  red  sandstone  plain. 

The  Haokensack  represents  the  red  sandstone  plain  north  of  the 
terminal  moraine.  The  glaciated  portion  covered  with  sand,  gravel 
and  boulder  earth,  and  incidentally  more  forested. 

The  next  group  of  streams  show  less  variation  in  minimum  flow, 
the  drainage  being  large  enough  to  make  them  les9  susceptible  to  arti- 
fieial  interference.  The  first  seven  of  these  belong  to  the  same  class 
^^ritli  our  Highland  and  Elittatinny  valley  drainage  areas,  and  range 
l>etween  .14  and  .17. 

The  Oreat  Egg  Harbor  is  a  type  of  southern  New  Jersey  streams 

'^rith  flat,  sandy  water- sheds.    The  Baritan  is  a  mixed  type,  having 

275  square  miles  of  Highland  water-shed,  100  square  miles  of  sandy 

plain  and  the  remaining  504  square  miles  being  red  sandstone,  with 

bat  one  small  lake  upon  the  whole. 

Allowing  .27  for  the  sandy  and  .17  for  the  highland  portion,  we 
have  for  the  red  sandstone  portion  of  the  Baritan  drainage  .11.  The 
Tesults  of  our  other  gaugings  show  this  to  be  about  the  correct  mini- 
mam.  The  smaller  water-sheds  of  this  red  sandstone  r^on  are 
quite  variable  in  minimum  yield. 

Of  the  southern  streams,  the  yield  of  the  Upper  Potomac  is 
rezkiarkably  low  for  a  water-shed  of  the  size.  The  Shenandoah  and 
Netise  seem  to  agree  with  the  first  Eeven  streams,  while  the  Oreenbrier 
18  also  below.  It  is  probable  that  the  normal  minimum  is  lower  than 
for  the  same  class  of  drainage  areas  further  north,  ranging  perhaps 
from  .12  to  .17. 

The  third  class,  including  only  the  larger  streams,  seem  to  show  a 
decrease  of  minimum  flow  generally  corresponding  to  increase  of 
i&ean  temperature.  The  Delaware  probably  represents  a  safe  mini- 
mum for  this  class  for  New  England  and  the  Atlantic  slope  of  the 
Middle  States,  as  the  value  given  is  more  likely  to  be  the  true  mini- 
mnm  than  that  of  either  the  Merrimac  or  Connecticut.  The  latter, 
especially,  probably  at  times  approaches  a  minimum  of  .25.  This  is 
believed  to  be  the  lowest  point  reached  by  the  Delaware  during  the 
past  60  years. 

Because  of  lighter  rainfall  and  greater  evaporation,  the  Ohio  shows 
a  lower  minimum  and  the  Potomac  still  lower.  It  may  be  fairly 
assumed  that  at  times  the  Kanawha  and  James  will  approach  the 
Potomac  minimum.    We  ^cannot  follow  the  above  figures  safely  with- 
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oat  taking  into  account  the  relative  weight  to  be  attached  to  the 
several  valaee  given^  and  this  we  have  attempted  to  do  in  our  present 
discosdon,  as  well  as  throughout  this  report. 


APPLICATION  OF  FORMULA  TO  NEW  JEBSBT  8TBEAM8. 

Thus  far  we  have  based  our  work  upon  gaugings  extending  over 
long  periods  and  of  known  fair  accuracy.  We  know  of  no  more  pro- 
lific cause  of  error  in  discussion  of  stream-flow,  its  variations  and  the 
causes  thereof,  than  reasoning  too  far  from  meagre  data.  We  have 
consequently  included  but  one  of  our  New  Jersey  series  of  gaugings 
in  our  general  discussion,  viz.,  the  seventeen-year  series  on  the  Pas- 
saic, one  which  will  compare  favorably  in  length  and  character  with 
any  of  those  used.  Nevertheless,  we  shall  now  find  our  shorter 
series  most  useful  in  corroborating  our  conclusions,  and  indispensable 
in  fixing  the  minor  characteristics  of  the  several  streams.  We  have 
deemed  it  best  to  introduce  these  gaugings  at  the  b^inning  of  the  dis- 
cussion of  the  stream  to  which  they  belong,  so  that  the  reader  is  here 
requested  to  refer  to  them  there  should  he  wish  to  verify  our  general 
statements. 

SELECTION  OF  DRIEST  PERIOD. 

In  our  chapter  on  rainfall,  we  gave  two  typical  dry  periods  from 
the  New  York  and  two  from  the  Philadelphia  record.  We  are  now 
prepared  to  examine  these  and  determine  whioh  of  them  presents  the 
most  severe  drought  in  its  effects  upon  stream-flow  and  vegetation. 
The  best  way  to  do  this  in  to  compute  by  our  formula  the  flow  of  the 
Passaic  by  months  for  each  of  the  two  driest  periods,  and  then  com- 
pare the  results.    A  test  for  one  stream  will  answer  for  all. 
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TABLB   No.   44. 
of  Paasalo  Flow  for  Tjrploal  IMry  Periods. 


SEW   TORS    BECO 

Dec.,  1641,  to  Nov., 

1844. 

PHILADELPHIA  BBCOBD. 

Dec.,  1679,  to  Soy.,  1882. 

XOHTH. 

1 
1 

2.70 
1.07 
Z86 
1.26 
360 
8.60 
3.30 
3.80 
2.81 
2.10 
iSO 

i.eo 

" 

1 

2.01 
.6S 
2.27 
.64 
2.37 
I.OJ 
1.16 
.48 
.33 
.32 
.43 
1.12 

12.83 

1 

4.69 
1,61 
2.43 
3,53 
2.43 
.54 
1,67 
7-T4 
5.09 
1.10 
1.74 
1,75 

34.22 

1 

3,80 

1.09 
1,89 
2,70 
1.32 
,72 
.31 
.32 
.72 
.43 
.31 
.43 

14.07 

.69 

It 

.6] 

iM 
3,32 

2.0J 

,89 
.42 
.64 

,83 

i.n 

1.98 
2.92 
5.32 
3.89 

1.85 
1.09 
.84 

Smw!.. 

iSS^: 

lu^.:        .    . 

April." 

Js::;:::::::::"::::::::::' 

falj 

i.i's 

2.00 
2.84 
3.11 

.63 
.76 



3,72 

A^ 

fcSmter." 

oSSt;"" 

SKSSi.:::::::::::::::::: 

Yew 

33.18 

21.14 

21.6B 

Owmber 

aeo 

1.00 
2.31 
2.18 
2.14 
1.00 
.76 
l.M 
1£.26 
3.06 
5.91 
2.62 

.77 
.37 
M 
.69 
1.08 
2.07 
2.69 
3.49 
6.43 
2.24 
1.69 
.94 

1.94 
.63 

1.78 
1.44 
1.06 

,81 

:U 

2.62 

1.47 
3.67 

1.88 

17.86 

4.05 
8.66 

4,76 
3.83 
.61 
2,71 

3.87 
,96 

1.18 
.94 

3.04 

2.02 

.83 
.64 

.78 
.86 
.93 
2.41 
3.47 
3.29 
2.92 
1,82 
1.24 
.86 

JttSr. 

WwS    .                 ... 

3,88 
2.97 
1.06 
,62 
,4e 

!26 

:i 

lE*!:  Z 

1.88 
4.12 
1,21 

"C^ 

JbwZ   . 

«: 

SSite 

.65 

^Z^z\z:"":::z:. 

Ytu 

41.6S 

22.89 

31.63 

20,06 

16,01 
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HBUmate  of  Paasalo  Flow  for  TypioaJ  Dry  Periods-Oootlna* 

NEW   YOR] 

Dm.,  1841,  U 

Nov.. 

1844. 

panADELPBU  KKOOR 

Dec,  1879,  to  Not.,  18E 

KOSTH. 

i 

■1 

1 

i 

1 

2.63 

4.57 
4.22 
3.57 
2.12 
6.06 
1.90 
1.37 
6,40 
12,09 
1,32 
.99 

46,24 

. 

1 

3.50 
2.78 
1.04 
2.1S 
.81 
.32 
.30 
5  67 
1.26 
.65 

19.29 

■s 

1 

1 

3.34 
2.66 
1.03 
4.60 
.55 
3.41 
2.37 
6.00 
2.73 
460 
4.08 
1.73 

86.90 

.75 
.54 
.40 
.93 
.92 
2.66 
3,08 
4.80 
3.30 
2.63 
1.37 
.83 

22.01 

2.59 
2.12 
.63 
3.57 

.95 
.64 

.43 
.41 

M 
1.82 
1.50 

15.49 

.68 
.73 
.72 
,84 
1.08 
2,88 
2.98 
3,41 
4.22 
4.05 
1,04 
.76 

23.39 

Juinatj 

1.32 
3,10 
2.26 
1.45 
2.40 
.89 

^:::::::;:;;:::::;:;:::::: 

July 

sSbi;::::::;:::::::::;:: 

October 

.60 

— 

The  snulleet  yeorlj  flow  here  shown  is  from  Becember,  1841 
November,  1842,  in  tiie  Pbiladelpbia  series.  Other  teats  will  di 
however,  why  this  is  not  the  most  severe  dronght,  either  measured 
the  teat  of  draught  npoo  ulifidal  reservoirs  for  water-supply,  by 
TOD  of  the  stream  without  storage  or  by  the  severity  of  the  dron 
upoD  v^etation.  The  aocompanyiDg  diagrams  will  make  this  oli 
The  upper  part  of  each  shows  the  stream-flow  accompanied  by  a  h 
zontal  line,  which  represents  a  Bt«ady  flow  equal  to  14  inches 
annum,  the  amount  which  we  adopt  as  a  preliminary  maxim 
available  with  storage  reservoirs.  The  shaded  parts  below  this  1 
represent  the  amounta  which  would  have  to  be  drawn  from  stor 
reservoirs  in  each  case  to  make  op  the  flow  to  1.17  inches  upon 
watar-ahed  per  month,  or  14  inches  per  annum.  Table  No.  46  sh< 
what  would  be  the  draught  upon  such  storage  reservoirs  for  e 
period. 
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TABLB  No.  46. 

I>rauirlit  on  Storage  Reservoirs  to  Furnish  Uniform  Supply  of 

14  Inches  Annually. 


MONTH. 


December. 
January  ... 
Febmary .. 

March , 

April 

kaj 

Jime < 

July 

August .... 
September 
October..... 
Noyember 

Year. 

December. 
Janaary  ... 
February.. 

March 

April 

May 

June 

July 

August ..... 
September 
October.... 
Noyember 

Year. 


1.94 

.68 

1.78 

1.44 

1.06 

.81 

.81 

.24 

2.62 

1.47 

8.67 

1.88 

17.85 


NEW  TOBX  SEBIEB. 

Dec.,  1841,  to  Not.,  1844. 

1 

• 

1^ 

s 

o 

Total 
depletion. 

2.01 

.69 

2.27 

.64 

2.37 

1.01 

1.16 

.48 

.88 

.82 

.48 

1.12 

.84 

"I'lO 
""l'.j» 

.48 

.48 

.68 

.68 

.16 
.01 
.69 
.84 
.86 
.74 
.06 

.16 
.17 
.86 
1.70 
2.65 
8.29 
8.84 

12.83 

.77 

'.61 
.27 


1.45 
.80 

2.60 
.71 


.54 


.11 
.86 
.86 
.88 


2.57 
8.11 
2.60 
2.28 
2.84 
2.70 
8.56 
4.39 
2.94 
2.64 
.14 


PHILADELPHIA  8EBIBB. 

Dec.,  1879,  to  Noy.,  1882. 


o 


8.86 

1.09 

1.89 

2.70 

1.82 

.72 

.81 

.82 

.72 

.48 

.84 

.48 

14.07 


1.69 

8.02 

8.98 

2.97 

1.06 

.62 

.46 

.32 

.25 

.25 

.26 

.25 

16.01 


H 


2.68 

'".72 

1.68 

.16 


.62 
1.86 
2.81 
1.80 


a 
5 


.08 


.45 
.86 
.86 
.45 
.74 
.83 
.74 


.12 
.65 
.71 
.85 
.92 
.92 
.92 
.92 


.08 


.45 
1.81 
2.16 
2.61 
8.85 
4.18 
4.92 


4.40 
2.55 


.12 
.77 
1.48 
2.83 
8.25 
4.17 
5.09 
6.01 
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Draught  on  Storage  Reservoirs  to  Furnish  Uniform  Supply  of 

14  Inches  Annually— Continued. 


MONTH. 


December. 
January... 
February.. 

March 

April 

Miy 

June 

July 

August 

September 
October ... 
November. 

Year. 


KEW  YORE   SERIES. 

Dec.,  1841,  to  Not.,  1844. 


o 
s 

OS 


2.59 

2.12 

.63 

3.67 

.95 

.64 

.43 

.40 

.38 

.46 

1.82 

1.50 


15.49 


^ 


1.42 
.95 


2.40 


.65 
.33 


s 

•3 

<5 


a 


.54 


.22 
.53 

.74 
.77 
.79 
.71 


.54 


.22 
.75 
1.49 
2.26 
3.05 
3.76 
3.11 
2.78 


PHII.ADELPHIA  SERIES. 

Dec,  1879,  to  Nov.,  1881 


o 

u 

s 

eS 


.27 

.56 

3.50 

2.73 

1.04 

2.18 

.81 

.32 

.80 

5.67 

1.26 

.65 


19.29 


to 

H 


1.33 
1.56 


1.01 


4.50 
.09 


s 

•s 

CO 


.90 
.61 


.18 


.36 

.85 
.87 


.52 


6J1 
7JSt 

411 
4JB 
6M 


S.Y» 


In  the  above  table,  the  column  marked  ^'  Total  depletion  '^  shows 
the  total  amount  of  storage  which  would  have  to  be  drawn  up  to  the 
end  of  a  given  month,  measured  in  inches  upon  the  water-shed,  ia 
order  to  supply  continuously  at  the  rate  of  14  inches  per  annum.  Ik 
will  be  noted  that  the  longest  period  in  which  the  reservoirs  would 
be  drawn  down  on  the  basis  of  the  New  York  record  of  1841  to 
1844  is  eighteen  months,  and  that  the  greatest  amount  drawn  fvom 
storage  is  4.39  inches.  On  the  basis  of  the  Philadelphia  series  of 
1879  to  1882,  the  draught  from  storage  at  the  end  of  January,  188S| 
amounts  to  7.52  inches.  A  brief  examination  shows  that  the  resei^ 
voirs  would  not  fill  until  March,  1883,  so  that  we  have  here  twen^ 
two  consecutive  months  in  which  the  reservoirs  would  be  drawn 
down.  It  is  apparent,  therefore,  that  if  we  admit  that  the  Paando 
is  subject  to  droughts  as  great  as  this,  14  inches  per  annum  is  the 
very  highest  amount  which  we  can  collect,  and  to  do  so  we  shall  need 
seven  and  one- half  inches  of  storage  above  any  allowance  which  may 
be  necessary  for  extra  evaporation  from  the  reservoir  sur&ce.  The 
reader  will  note  that  during  these  years  the  rainfall  upon  the  Paanie 
water-shed  did  not  actually  fall  as  low  as  that  shown  by  this  Phihh 
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Idphia  record^  and  that,  oonsequently,  the  flow  of  the  Paesaio  was 
arger  than  this  oompnted  flow.  As  I  before  remarked,  however,  we 
lave  no  warrant  for  supposing  that  the  rainfall  mil  not,  at  some 
ime,  fall  as  low  as  this  on  the  smaller  water-sheds,  at  least. 

It  is  made  clear  by  the  above  table  that  the  Philadelphia  rainfall 
rom  December,  1879,  to  November,  1882,  is  the  most  trying  one 
ipon  a  system  of  artificial  storage.  Table  No.  44  shows  that  it  was 
Jso  the  most  trying  upon  natural  storage,  the  periods  of  depletion  of 
pround- water  being  longer,  and  the  greatest  draught  upon  ground- 
water amounting  to  7.42  inches,  whereas  the  greatest  of  the  New 
iTork  record  is  6.21  inches.  The  low  state  of  ground- water  from 
Ipril,  1881,  to  December,  1881,  for  nine  continuous  months,  exhibits 
he  severity  of  the  famous  drought  of  1881,  which  was  so  severe  as 
0  kill  large  numbers  of  forest  trees.  The  condition  of  ground- water 
9  exhibited  by  the  lowest  line  of  Plate  V. 

In  our  future  computations,  we  shall  adopt  the  above  dry  season 
f  the  Philadelphia  record  for  our  typical  dry  period.  We  have 
Iready  given  in  the  chapter  on  rainfall  the  average  rainfall  for  each 
Botion  in  the  State.  Applying  our  monthly  formula  for  the  Passaic, 
/loton  and  Sudbury,  we  shall  be  able  to  compute  the  evaporation  on 
be  Passaic  for  an  average  and  extreme  dry  period.  By  taking  the 
ifference  in  mean  temperature  between  the  Passaic  and  each  of  the 
iher  sections  of  the  State,  and  applying  a  correction  of  five  per  cent, 
or  each  one  degree  of  increase  and  decrease  over  the  mean  annual 
Bmperature  of  the  Passaic,  Croton  and  Sudbury,  we  shall  have  the 
vaporation  for  the  average  and  extreme  dry  periods  for  the  several 
ections  of  the  State.  We  obtained  the  following  series  of  mean 
juiual  temperatures  from  the  Climatology  of  New  Jersey,  and  oppo- 
ite  each  we  have  set  the  proper  correction  to  be  applied  to  the 
svaporation  formulse  for  the  Passaic,  Croton  and  Sudbury : 

MEAN  ANNUAL  TEMPERATURE. 

Correction  to  Evaporation. 

Upper  Delaware  Valley 47.4  degrees  —  11.6  per  cent. 

Highlands  and  Kittatinny  Valley 47.4       **       —  11.6       " 

Central  Delaware  Valley 60.6       "       -f   5  " 

Red  Sandstone  Plain 60.6       "       -f   5  " 

Southern  Divide 52.6       "       -f  15  " 

Seacoast 52.1       "       +12         " 

Lower  Delaware 62.6       "       + 16         " 
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Coneetion  to  Erapoimtioii. 

Delaware  above  Trenton 47.4  degrees  — 11.5  per  cent. 

Raritan 60.6       "       +  5         « 

Passaic 49.7       "  0         " 

Coast  Streams 62.6       **       +14         " 

Branches  of  Delaware  below  Camden. 62.6       "       +14  " 

Branches  of  Delaware,  Camden  to  Trenton..  52.5       "      + 14         " 

Applying  the  above  correctioDS,  we  obtain  the  following  monthly 
evaporation  for  the  several  sections  of  the  State : 

TABLE   No.  46. 

Rainfall  and   Bvaporation  for   Average,  Ordinary  Dry  and 

Driest  Periods. 

(a)  UPPER  DEIiAWABE  VALLEY,  HIGHLANDS  AND  KITTATINNT  VALLEY. 


MONTH. 


December . 
January.... 
February .. 

March 

April , 

May 

June 

July 

August 

Sepieiuber 

October 

November , 


Year. 


AVERAGE. 


a 


3.57 
3.48 
3.31 
3.57 
3.48 
3.88 
3.88 
4.05 
4.42 
3.57 
3.31 
3.57 


44.09 


a 
o 

I 

> 


.60 

.55 

•66 

.74 

1.09 

2.35 

3.07 

373 

3.29 

2.07 

1.13 

.90 


20.08 


ORDINARY  DRY. 


3 

'a 


3.86 
3.94 
1.64 
2.89 
2.55 
3.29 
3.66 
4.35 
3.83 
.96 
2.04 
2.19 


35.20 


g 


o 


.79 

.58 

.41 

.68 

.99 

2.24 

3.02 

3.80 

3.17 

1.61 

.99 

.78 


19.06 


DRIEST. 


4.05 

3.66 
4.76 
3.83 

.61 
2.71 
3.87 

.96 
1.18 

.94 
3.04 
2.02 


31.63 


g 

s. 


.74 

.57 

.69 

.76 

.83 

^.13 

3.07 

2.91 

2.58 

1.61 

1.10 

.76 


17.75 


December 

2.63 
4.57 
4.22 
3.57 
2.12 
5.06 
1.90 
1.37 
6.40 
12.09 
1.32 
.99 

.60 

January 

.65 

February 

.64 

March 

.74 

Anril 

.96 

May 

2.55 

Juoe 

2.64 

July 

3.02 

""V  • 

AufiTllSt 

3.73 

SeDt«mber 

3.58 

October 

.92 

November 

.67 

Year 

46.24 

20.70 
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Bainflftll  and  Bvaporstion  for  Average,  Ordinary  Dry  and  Driest 

Periods— Continued. 

{b)  CENTRAL  DELAWARE  VALLEY,  RED  SANDSTONE  PLAIN,  RARITAN  WATER-SHED. 


AVERAGE. 

ORDINARY  DRY. 

DRIEST. 

MONTH. 

a 

■ 

§ 

a 

1 

• 

1 

1 

> 

December 

3.72 
3.63 
3.45 
3.72 
3.63 
4.04 
4.04 
423 
4.59 
3  72 
3.45 
3.72 

.83 

.66 

.67 

.89 

1.29 

281 

3.70 

4.48 

3.96 

2.49 

1.36 

1,08 

4.04 
4.12 
1.71 
3.02 
2.67 
3.44 
3.82 
4.55 
4.00 
1.01 
2.14 
2.28 

.86 

.71 

.49 

.82 

1.20 

2.69 

3.62 

4.58 

3.80 

1.92 

1.19 

.94 

4.05 
3.66 
4.76 
3.83 

.61 
2.71 
8.87 

.96 
1.18 

.94 
3.04 
2.02 

.87 

January. 

.67 

Febrnarv  ...................  ... 

.82 

Marcb 

.90 

April •••.. 

.98 

May 

2.58 

June 

3.64 

July 

8.45 

*'*•/ 

August ^ 

Seotember 

3.06 
1.91 

October 

1.30 

Koyember. •••• 

.90 

Year 

45.94 

24.22 

36.80 

22.82 

31.63 

21.03 

December 

2.63 
4.57 
4.22 
3.57 
2.12 
5.06 
1.90 
1.37 
6.40 
12.09 
132 
.99 

.71 

.77 

February 

.76 

March 

April 

113 

May. 

3.02 

June 

3.13 

July 

3.58 

.  " 

Auffust 

4.43 

Se^mber 

4.25 

October 

1.09 

KoTember 

.80 

• 

Year 

46.24 

24.55 
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Rainfall  and  Bvaporation  for  Averaffe,  Ordinary  Dry  and  Driest 

Periods— Ck>ntinaed. 

(c)   DELAWABE  WATEB-8HED,  ABOVE  TBENTOK. 


AVERAGE. 

OBDINAKT  DBY. 

DBIEST. 

MOirrH. 

3 

a 

• 

o 

• 

3 

a 

• 

o 

1 

• 

a 

a 

t 

j^ecember 

3.67 
3.57 
3.40 
3.67 
3.57 
3.99 
3.99 
4.17 
4.52 
3.67 
3.40 
3.67 

.70 

.56 

.57 

.75 

1.09 

2.45 

3.10 

3.76 

3.32 

2.18 

1.14 

.92 

3.95 
4.04 
1.67 
2.95 
2.60 
3.36 
3.73 
4.47 
8  93 
.99 
2  09 
2.22 

.72 

.59 

.42 

.67 

1,00 

2.25 

3.03 

3.84 

3.18 

1.62 

1.00 

.78 

4.05 
3.66 
4.76 
3.83 

.61 
2.71 
3.87 

.96 
1.18 

.94 
3,04 
2.02 

.73 

January 

.57 

February  M <•.. 

.67 

March 

.76 

April 

.82 

May 

2.ia 

June 

3.17 

July 

2.91 

Auffust 

2.58 

September 

1.61 

October 

1.10 

Noyember 

.76 

Year 

45.29 

20.54 

36.00 

19.10 

31.63 

17.81 

December.. 
January.... 
February  .„ 

March 

April 

May 

June 

July 

August 

September. 

October 

November , 


Year 


2.63 

4.57 
4.22 
3.57 
2.12 
5.06 
1.90 
1.37 
6.40 
12.09 
1.32 
.99 

46.24 


.60 

.65 

.64 

.74 

.9^ 

2.5& 

2.64 

3.02 

3.73 

3.58 

.92 

.67 

20.70 
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RalnfFin  and  Bvaporstion  for  Averasre,  Ordinary  Dry  and  Driest 

Periods— Continued. 

(d)   PASSAIC  WATER-SHED. 


AVERAQE. 

ORDINARY  DRY. 

DRIEST. 

MONTH. 

i 

a 

• 

J 

e 

• 

a 

.1 

1 

• 

• 

December 

3.65 
3.55 
8.38 
3.64 
3.55 
3.96 
3.96 
4.14 
4.50 
3.64 
3.38 
3.65 

.78 

.63 

.64 

.84 

1.00 

2.67 

3.49 

4.24 

3.74 

2.36 

1.29 

1.02 

3.95 
4.04 
1.67 
2.95 
2.60 
3.36 
3.73 
4.47 
3.93 
.99 
2.09 
2.22 

.81 

.67 

.47 

.78 

1.13 

2.54 

3.43 

4.34 

3.60 

1.83 

1.13 

.88 

4.05 
3.66 
4.76 
3.83 

.61 
2.71 
3.87 

.96 
1.18 

.94 
3.04 
2.02 

.83 

Jannaiy. , , 

.64 

Febrnaiy 

.78 

March 

.86 

April 

.93 

May 

2.41 

Jane. 

3.47 

July 

3.29 

\**w • 

Atunist , 

2.92 

September , 

1.82 

October 

1.24 

November 

.86 

Year 

45.00 

22.70 

36.00 

21.61 

31.63 

20.05 

December 

2.63 
4.57 
4.22 
3.57 
2.12 
5.06 
1.90 
1.37 
640 
12.09 
1.32 
.99 

.68 

Jaonary 

.73 

Febraarj 

.72 

March 

.84 

April 

1.08 

s^:;;:::::;::::::::::::;;:::::; 

2.88 

Jane. 

2.98 

July 

8.41 

^    / 

Auirast 

4.22 

SeDtember 

4.05 

October 

1.04 

November 

.76 

Year 

46.24 

23.89 
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Rainftill  and  Bvaporation  fbr  Average,  Ordinary  Dry  and  Driest 

Periods— Continued. 

(e)  BRANCHES  OF  DELAWARE — TRENTON  TO  OAMDEN. 


AYERAQE. 

ORDINARY  DRY. 

DRTERT. 

MONTH. 

• 

1 

s 

1 

m 

• 

§ 

•a 

i 

> 

December 

3.82 
3.73 
3.55 
8.82 
3.73 
4.16 
4.16 
4.35 
4.71 
3.82 
355 
8.82 

.91 

.73 

.75 

.98 

1.41 

3.08 

4.04 

4.91 

4.33 

2.73 

1.50 

1.19 

4.13 
4.21 
1.75 
3.08 
2.73 
8.52 
3.90 
4.64 
4.09 
1.03 
2.18 
2.34 

.94 

.79 

.54 

.90 

1.30 

2.93 

3.96 

5.01 

4.15 

2.10 

1.80 

1.03 

4.05 
3.66 
4.76 
3.83 

.61 
2.71 
3.87 

.96 
1.18 

.94 
3.04 
2.02 

.9& 

JfUlllATy  ........................ 

.73 

February..... 

.89 

March 

.98 

April.... 

1.06 

May 

2.75 

June. M.........T^.T.T. ........... 

3.95 

July 

3.75 

■rw«^ 

Auflrust 

3.33 

September 

2.07 

October 

1.41 

November 

.97 

Year 

47.22 

26.56 

37.60 

24.95 

31.63 

22.85 

December 

2.63 
4.57 
4.22 
3.57 
2.12 
5.06 
1.90 
1.37 
6.40 
12.09 
1.32 
.99 

.78 

January 

.83 

February 

.82 

March , 

.96 

April 

1.23 

May 

3.28 

June 

3.40 

July 

3.89 

,    -^  

Auffust 

4.81 

September 

4.62 

October 

1.19 

November. 

.87 

Year 

•••••**••••• 

46.24 

26.68 
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Balfiftjll  and  Bvaporation  for  Averaere,  Ordinary  Dry  and  Driest 

Periods— Continued. 

(f)   BBANCHEB  OF   DELAWARE— CAMDEN  TO  BRIDOETON. 


AVERAGE. 

ORDINARY   DRY. 

DRIEST. 

MONTH. 

a 

• 

a 
o 

1 

1 

i 
1 

• 

a 
o 

1 

> 

• 

d 

1 

1 

December 

3.72 
3.62 
3.44 
3.72 
3.62 
4.04 
4.04 
4.22 
4.58 
3.72 
3.44 
3.72 

.90 

.72 

.73 

.97 

1.40 

3.05 

4.00 

4.86 

4.29 

2.70 

1.47 

1.18 

4.04 
4.12 
1.71 
3.02 
2.67 
3.44 
3.82 
4.55 
4.00 
1.01 
2.14 
2.28 

.93 

.77 

.54 

.89 

1.30 

2.92 

3.45 

4.97 

4.13 

2.10 

1.56 

1.01 

4.05 
3.66 
4.76 
3.83 

.61 
2.71 
3.87 

.96 
1.18 

.94 
3.04 
2.02 

.95 

Jannarj 

Febrnary 

.73 
.89 

March 

.98 

April 

1.06 

May 

2.75 

June 

3.96 

July 

3.75 

.    -^ •• 

Aofiiist 

3.33 

**'^**''*  •••••• ••......». 

September 

2.07 

October 

1.41 

November 

.97 

Year 

45.88 

26.27 

36.80 

24.57 

31.63 

22.85 

December i 

2.63 
4.57 
4.22 
3.57 
2.12 
5.06 
1.90 
1.37 
6.40 
12.09 
1.32 
.99 

.78 

January 

.83 

February 

.82 

March 

.96 

April 

1.23 

May 

3.28 

June 

3.40 

July 

3.89 

.    ^ 

Auffust 

4.81 

September 

/ 

4.62 

October 

, 

1.19 

November 

.87 

Year 

46.24 

26.68 
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Bainfledl  and  Bvaporation  for  Average,  Ordinary  Dry  and  Drieet 

Periods— Oontinued. 

(g)  ATLAmriC  C0A8T  STREAMS  OF  SOUTHERN  NEW  JERSEY. 


MONTH. 


December.. 
Januarj.... 
February... 

March 

April 

May 

June 

July 

August 

September, 

October 

November . 

Year  . 


▲VRRAOE. 

ORDINARY  DRY. 

DRE 

• 

§ 

■ 

o 

4.> 

fi 

^H 

e 

^H 

pa^ 

a 

a 

4S 
a 

1 

a 

I 

04  ' 

.v^ 
S 

3.97 

.97 

4.29 

.98 

4.05 

3.88 

.75 

4.38 

.    .78 

8.66 

3.69 

.76 

1.82 

.55 

4.76 

3.97 

1.01 

3.21 

.91 

3.83 

3.88 

1.44 

2.83 

1.31 

.61 

4.82 

3.11 

3.65 

2.96 

2.71 

4.32 

"    4.33 

4.07 

4.01 

3.87 

4.53 

4.98 

4.84 

5  07 

.96 

4.91 

4.39 

4.26 

4.19 

1.18 

3.97 

2.76 

1.16 

2.12 

.94 

3.69 

1.61 

2.26 

1.31 

3.04 

8.97 

1.21 

2.43 

1.03 

2.02 

49.10 

27.22 

39.20 

25.22 

31.63    I 

o 


.95 

.73 

.89 

.98 

1.06 

2.76 

3.96 

3.75 

8.88 

2.07 

1.41 

.97 


22.85 


December 

2.63 
4.57 
4.22 
3.67 
2.12 
5.06 
1.90 
1.37 
6.40 
12.09 
1.32 
.99 

.78 

January 

.83 

February 

.82 

March 

.96 

April 

1.23 

M!ay 

3.28 

June 

3.40 

July 

3.89 

V  %Mm.j 

Auinist 

4.81 

September 

4.62 

October 

1.19 

November 

.87 

Year 

46.24 

26.68 
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This  gives  ns  the  following  net  amoants  of  rain  left  to  flow  off  in 
the  streams  for  the  various  sections  of  the  State : 


Net  Inches  of  Bain  in  Bxcess  of  Bvaporation. 

Average        Ordinary 
Year.  Dry  Year.    Driest  Year. 

Upper  Delaware  Valley,  HighlandB  and 

Kittatinny  Valley...... 24.01  16.14  13.88 

Central  Delaware  Valley,  Bed  Sand- 
stone Plain,  Earitan  Water-Shed...    21.72  13.98  10.60 

Delaware  above  Trenton 24.75  16.90  13.82 

Paasaic  Water-Shed 22.30  14.39  11.68 

Branches    of    Delaware — Trenton    to 

Camden 20.66  12.65  8.78 

Branches    of    Delaware — Camden    to 

Bridgeton 19.61  12.01  8.78 

Atlantic  Coast  Streams  of  Southern  New 

Jersey 21.88  13.98  8.78 

The  actual  amount  of  water  run  off  in  the  driest  year  will,  of 
ooorsei  be  augmented  by  draught  upon  ground-storage.  The  assumption 
that  all  parts  of  the  State  will  be  subject  to  equally  severe  droughts 
tells  heavily  against  the  driest-year  flow  of  southern  New  Jersey^ 
where  the  average  rainfall  is  higher.  We  should  like  to  be  convinced 
that  such  severe  droughts  are  not  to  be  looked  for  there^  but  we  find 
nothing  in  the  climatology  of  New  Jersey^  or  in  the  records  of  rain- 
&11  which  we  have  studied^  to  warrant  such  a  conclusion. 

The  above  sections  embrace  all  classes  of  streams  within  the  borders 
of  the  State^  and  we  have  here  all  necessary  data,  excepting  the  curves 
of  ground-flow,  for  the  computation  of  the  stream-flow  of  the  State. 

Before  proceeding  to  determine  these  curves,  it  may  be  well,  how- 
ever, to  see  what  our  New  Jersey  gaugings  indicate  as  to  the  accuracy 
of  our  formulae  for  evaporation.  Very  considerable  discrepancies 
may  be  expected  in  such  short  series  as  these,  still  we  may  draw  some 
valuable  inferences. 

TABLB  No.  47. 
OompariBon  of  Kittatinny  Valley  and  Highland  Gauginfirs. 

PAULINSKILL. 

Computed 

Observed     Eyaporation     Difference. 

Period.  Rain.      EYaporation.    forPanAic.      Percent. 

Year  1890-1891 46.48  22.20  22.94  —3 

December  to  May,  1891 22.68  7.24  6.92  +5 

June  to  November,  1890 28.80  14.96  16.06  —7 
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FEQUEBT. 

June,  1890,  to  May  1891 46.32  20.35  22.90  —11 

December,  1890,  to  November,  1891..    41.48  20.73  22.13  —6.4 

MU8C0NETC0NO. 

June,  1890,  to  May,  1891 46.35  21.18  22.90  —7.5 

December,  1890,  to  November,  1891...    42.69  20.65  22.33  —7.5 

RAXAFO. 

June,  1890,  to  May,  1891 54.43  24.96  24.22  +^1 

June,  1891,  to  May,  1892 41.95  22.79  22.22  +2.6 

PEQUANNOCK. 

June,  1891,  to  May,  1892 42.80  19.78  22.35  —11.5 

June,  1892,  to  May,  1893 48.74  19.88  23.30  —14.7 

This  groap  of  streams  shows  some  range  of  evaporation,  reaching 
from  aboat  5  per  cent,  less  than  that  shown  by  the  Passaic  formnl» 
op  to  about  12  per  cent.  less.  It  appears  that  the  higher  water-sheds 
show  less  evaporation  than  the  lower.  The  Climatology  of  New 
Jersey  states  that  the  temperatare  of  the  lower  parts  of  Kittatinny 
valley  probably  averages  two  degrees  higher  than  the  Highlands,  the 
ordinary  allowance  being  one  degree  decrease  of  temperatare  for  each 
300  feet  increase  in  elevation.  Oar  mean  annaal  temperatare,  from 
which  we  dedace  the  correction  to  the  Passaic  formalse  of  minos 
11.5  per  cent.,  is  probably  near  the  average,  and  allowing  for 
difference  in  elevation,  the  range  which  we  note  in  oar  observed 
evaporation  is  readily  accoanted  for.  It  appears,  therefore,  that 
if  we  woald  be  on  the  safe  side  with  these  streams  it  will  hardly 
do  to  allow  more  than  5  per  cent,  less  evaporation  than  we  foand 
for  the  Passaic,  Croton  and  Sudbary.  As  we  take  ap  each  stream  in 
detail,  we  may  make  proper  variations  from  oar  average  evaporation, 
as  compnted  in  Table  No.  46.  As  should  be  expected,  the  Bamapo 
shows  very  nearly  the  same  evaporation  as  the  Passaic,  being  similarly 
situated  to  the  average  of  the  Passaic  water-shed.  The  smaller  water- 
shed of  the  Pequannock,  lying  high  on  the  Highland  plateau,  shows 
somewhat  less  evaporation.  As  we  have  before  remarked,  it  is  highly 
probable  that  it  is  this  decreasing  temperature  over  increased  eleva- 
tion, and  consequently  decreasing  evaporation,  to  which  we  must 
attribute  the  prevalent  idea  that  the  larger  percentage  of  rainfall  is 
available  from  mountainous  water-sheds.  We  do  not  believe  that  the 
cause  of  this  is  that  the  rain  runs  off  more  rapidly  to  the  stream,  as 
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by  fiur  the  greater  amonnt  of  work  done  by  eyaporation  is  aooom- 
plished  when  there  is  no  rain  falling.  The  greater  balk  of  water 
evaporated,  by  which  term  we  include  all  water  lost  to  stream-floW| 
is  drawn  from  the  earth  either  direoUy  by  the  san  or  indirectly 
throagh  y^etation,  and  the  amount  is  determined  far  more  by  the 
capacity  of  the  air  to  take  up  moisture  than  by  the  peculiarities  of 
the  topography  of  different  water-sheds.  The  only  condition  which 
would  produce  considerable  increased  evaporation  would  be,  that  a 
very  large  proportion  of  the  water- shed  was  included  in  the  surface 
of  lakes  and  ponds,  or  in  marshes  so  wet  that  the  water  should  stand 
over  them  in  shallow  pools.  The  above  indications  warn  us  that  we 
cannot  entirely  ignore  considerable  differences  in  the  general  eleva- 
tion of  the  water- shed. 

TABLE    No.  48. 

Oomparison  of  Raritan   and  Other  Red   Sandstone 

Plain  GauffiDiTS. 

RARITAN. 

Computed 

Obserred     Evaporation     Diflterence. 

Period.  Rain.       Evaporation,    for  Paaaaic.       Per  cent. 

December,  1890,  to  November,  1892..    42.86  22.33  22.35  )  ,  g  ^ 

December,  1891,  to  November,  1892..    43.97  25.05  22.54  J  ' 

December,  1892,  to  November,  1893..    49.67  23.86  23.46  +1.7 

HACKENSACK. 

Year  ending  with  October,  1884 44.84  26.53  22.69 

Year  ending  with  October,  1885 41.70  27.34  22.17 

Year  ending  with  October,  1886 44.00  26.42  22.52 

Year  ending  with  October,  1887 48.09  28.68  23.18 

Year  ending  with  October,  1888 52.52  20.27  23.91 

Year  ending  with  October,  1889 57.74  21.64  24.75 

Year  ending  with  May,  1891 53.08  20.67  24.00 

Year  ending  with  Maj,  1892. 38.43  20.88  21.65 

Totals 191.83         184.87  +3.8 

The  Baritan  shows  an  average  exoess  of  4.2  per  cent,  over  the 
Ftasaio  evaporation.  The  Hackensack  shows  a  oonsiderable  vari- 
ation becanse  of  large  flow  from  groand-water,  but  the  average  evap- 
oration for  eight  years  is  3.8  per  cent,  over  the  Paesaio.  Our  excess 
dednced  from  temperature  is  6  per  cent.,  which  is  a  satisfactory 
agreement  within  the  probable  limits  of  error  of  the  observations. 
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TABLB  No.  49. 
Comparison  of  Delaware  QaugingB. 

Computed 
Obeerred     Sraporation     Biflbrenee. 
PeriodB.  Rain.       Evaporation.   forPaMalo.        Percent 

December,  1890,  to  November,  1891..    44.94  18.67  22.68  —17.7 

This  shows  rather  less  evaporation  than  our  temperature  data  in- 
dicate. Our  compated  correction  was  11.5  per  cent.  It  soggest^ 
that  oar  compated  average  evaporation  msj  be  rather  more  than  A^ 
aotaaly  therefore  oar  compated  flows  will  be  somewhat  smaller  andH 
on  the  safe  side. 

TABLE  No.  50. 
Ck>mparl8on  of  Great  Bgg  Harbor  and  Batsto  Qaufflnffs. 

GREAT  EGG  HARBOR. 

Computed 

Olweryed     Evaporation     Diffeienoe. 

Period.  Rain.       Evaporation,    for  Passaic.       Percent 

June,  1890,  to  May,  1891 64.52  80.27  24.30  +25.0 

December,  1890,  to  November,  1891..  53.65  29.66  24.60  +20.6 

December,  1891,  to  November,  1892..  47.92  30.44  23  20  +31.2 

June,  1891,  to  May,  1892 50.38  27.41  23.60  +16.1 

BAT8T0. 

June,  1891,  to  May,  1892 49.19  26.97  23.40  +15.2 

The  compated  excess  over  Passaic  evaporation  on  these  streams 
was  14  per  cent.  The  above  shows  an  average  excess  of  21.6  per 
<»nt.,  eqaivalent  to  a  difference  of  aboat  foar  degrees  in  mean  tempera- 
tare.  All  of  these  streams  are  gaaged  at  dams^  and  in  this  loose 
sand  a  considerable  amoant  of  water  andoabtedly  finds  its  way  oat 
aroand  and  ander  the  dams.  It  is  also  a  fact  that  an  amoant  which 
is  indeterminate  follows  down  the  sandy  strata  anderlying  the  water- 
sheds,  all  of  which  dip  toward  the  sea  at  the  rate  of  aboat  twenty-five 
feet  per  mile.  This  water  finds  its  way  to  the  sea  withoat  reaching 
the  streams  at  all.  These  two  combined  leakages  may  possibly 
aocoant  for  the  average  difference  of  1.81  inches  per  annam,  and  we 
do  not  believe  that  the  actaal  evaporation  can  mach  exceed  what  we 
have  allowed,  14  per  cent,  in  excess  of  that  of  the  Passaic,  Croton 
and  Sadbary.  We  are  farther  confirmed  in  this  opinion  by  the 
observed  fact  that  the  excess  of  observed  evaporation  seems  as  large 
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dariog  the  winter  as  during  the  sammer  months.  It  tends  to  a  con- 
stant thronghout  the  year. 

In  the  foregoing  oomparison  we  most  not  expect  too  close  an  agree- 
ment It  woold  be  better  if  we  ooald  take  the  time  to  compare 
month  hj  month,  for  the  evaporation  computed  by  the  yearly  formula 
ilone  cannot  be  entirely  accurate.  The  actual  evaporation  in  a  given 
year  depends  not  alone  upon  mean  temperature  and  amount  of  pre- 
cipitation, but  upon  the  distribution  of  that  precipitation  through  the 
months.  If  it  is  heavy  in  the  hot  months  the  evaporation  will  be 
greater,  and  vioe  versa.  The  annual  evaporation  for  a  given  year  can 
only  be  obtained  accurately  by  computing  it  month  by  month  and 
adding  the  results.  Nevertheless,  the  above  computation  is  approxi- 
mate and  sufficient  for  our  present  purpose. 

Having  the  above  data,  it  only  remains  for  us  to  determine  the 
groond- water  curves  for  the  various  typical  streams  of  the  State  in 
Older  to  enable  us  to  compute  the  average,  ordinary  dry  and  driest- 
season  flow,  the  rainfall  for  the  average  year  being  taken  from  Table 
No.  2,  the  ordinary  dry  year  from  Table  No.  5  and  the  driest  period 
ftom  the  above  Philadelphia  record  of  1881  and  1882.  We  obtain 
these  curves  of  ground- flow  from  our  various  series  of  gangings  of 
New  Jersey  streams  which  appear  at  the  beginning  of  our  discussion 
tf  each  class  of  streams  of  the  State  in  a  later  part  of  the  report,  by 
means  of  an  analysis  similar  to  that  which  we  made  for  the  Sudbury 
in  Table  No.  34.  Bearing  in  mind  the  circumstances  which  go  to 
make  up  larger  or  smaller  ground-flow  from  a  water- shed,  it  is 
ipparent  that  we  cannot  follow  out  the  same  classification  of  streams 
whioh  we  adopted  for  rainfall  and  evaporation  in  selecting  our 
gmond-flow  types.  Streams  which  are  similar  in  the  topography  of 
tbeir  water-sheds  and  in  their  underlying  rocks  must  be  grouped  in 
the  same  class  in  ground- flow.  The  water-sheds  of  the  State  lying 
Qorth  of  the  glacial  moraine  will  generally  show  somewhat  larger 
groond-flow  than  streams  of  the  same  type  whose  water- sheds  are  not 
covered  by  glacial  drift,  while  all  of  the  southern  New  Jersey  streams 
will  come  in  the  same  group.  In  working  out  these  ground-flow 
carves,  I  have  found  those  already  worked  out  for  the  streams  of 
which  we  have  long-series  gaugings  very  useful  as  guides.  Gangings 
for  a  single  year  which  embraces  a  good,  dry  period  are  sufficient  to 
€Qable  us  to  determine  the  principal  characteristics  of  the  flow  from 
ground-storage  for  a  given  stream.    In  fact,  even  gaugings  for  a 
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siBgle  month  during  the  dry  season  are  an  aid  to  the  selection  of  the 
proper  type  of  gronnd-flow  curve. 

I  have  found  that  in  general  the  depletion  of  ground- water  does 
not  exceed  about  7.6  inches.  The  minimum  gaugings  which  are 
given  in  Table  No.  42  may  easily,  with  safety,  be  attributed  to  this 
ground-flow  depletion  of  7  inches.  Such  niinimum  gaugings  indi- 
cate the  minimum  monthly  flow  of  the  stream  fairly  well,  and  conse- 
quently they  are  a  valuable  guide  in  selecting  the  proper  type  of 
ground- flow  curve.  We  would  warn  the  reader,  however,  that  it  is 
best  not  to  put  too  great  confidence  in  a  single  record  of  minimum 
flow,  nor  even  in  a  series  of  gaugings  which  do  not  cover  more  than 
a  single  year.  In  such  cases  it  will  be  safest  to  be  guided  by  the 
general  character  of  the  water-shed,  and  to  select  a  curve  adapted  to 
the  topographical  and  geological  conditions  which  exist.  The 
ground-flow  curve  becomes  important  in  estimating  the  dry-season 
flow,  but  for  water-supply  purposes,  where  the  water  is  to  be  stored, 
there  is  no  danger  of  any  serious  error  in  making  this  selection.  In 
cases  where  works  are  depending  upon  the  dry-season  stream-flow 
without  storage,  much  care  needs  to  be  used  in  this  selection. 

Plate  YI.  gives  the  several  types  of  curves  which  occur  in  New 
Jersey.  A  curve  may  here  be  found  suited  to  every  case  of  import- 
ance which  we  shall  meet  in  the  State.  In  dealing  with  very  small 
streams,  a  wider  variation  of  gronnd-flow  is  met  with  than  is  the  case 
with  larger  water-sheds.  If  a  small  water-shed  lies  so  high,  or  so 
much  en  a  slope  that  the  ground-water  is  drawn  to  a  level  lower  than 
that  of  the  stream-bed,  the  stream  will  run  entirely  dry  and  such  con- 
ditions may  occur  in  any  kind  of  rock.  If,  on  the  other  hand,  such 
small  streams  have  their  beds  at  a  level  considerably  below  the  general 
level  of  their  water-shed,  they  may  furnish  a  phenomenally-large 
ground-flow.  The  mere  inspection  of  the  water-shed  will  determine  to 
which  class  such  a  stream  belongs,  whether  of  large  or  small  ground- 
flow. 

METHOD  OF  COMPUTING   FLOW. 

Having  selected  our  ground-flow  curve,  we  take  from  Table  No.  46 
our  rainfall  and  evaporation  for  each  month  of  the  average,  the  ordi- 
nary dry,  and  the  driest  years  pertaining  to  the  regions  in  which  the 
stream  is  situated,  and,  beginning  with  December,  we  may  with  safety 
take  the  flow  to  be  the  difference  between  rainfall  and  evaporation  for 
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each  month  antil  April,  sinoe  during  this  period  the  carrying  over  of 
snow  and  ice  and  the  frozen  state  of  the  ground  make  it  of  little 
importance  to  take  into  account  the  flow  from  groand- water.     B^in- 
ning  with  April,  however,  we  need  to  exercise  more  vigilance,  and  in 
any  month  when  the  difference  between  rain  and  evaporation  becomes 
less  than  two  inches  the  ground-flow  curve  must  be  brought  into  use, 
and  its  use  continued  until  the  ground-water  again  becomes  re- 
plenished.   We  have  already  su£Sciently  explained  the  method  of 
procedure  when  the  ground-flow  diagram  is  in  use.    We  have  adopted 
this  method  in  all  our  computations  of  the  flow  of  New  Jersey 
streams  which  follow.    It  may  be  again  remarked  that  our  compu- 
tations, although  they  come  very  near  to  the  actual  flow,  in  some 
cases  neglect  a  certain  percentage  of  irr^ular  surface-flow,  which  may 
oocar  at  times  when  the  rainfall  is  highly  concentrated,  or  the  surface 
of  the  earth  is  in  a  lees  than  usual  absorbent  condition,  because  of 
freezing  or  other  unfavorable  conditions.     Even  when  such  is  the 
case,  the  method  is  so  continuous  that  any  deficiency  arising  from 
sach  cause  will  appear  as  a  corresponding  excess  in  one  or  more  later 
months,  and  the  practical  result  will  not  be  seriously  affected.    In 
dealing  with  the  streams  of  the  State  hereafter,  it  will  be  necessary 
to  adopt  a  slightly  more  detailed  classification  than  we  have  used 
heretofore.    It  will  be  seen  that  the  stream-flow  is  affected  by  differ- 
eaces  in  rainfall,  evaporation,  and  finally  in   topographical   and 
geological  conditions  which  affect  the  ground- flow,  and  only  such 
streams  as  agree  in  all  of  these  respects  can  be  dealt  with  as  one  class. 
Where  any  important  number  of  streams  can  be  brolight  into  a  group 
this  has  been  done,  in  order  that  remarks  and  generalizations  which 
ftpply  to  all  may  be  made  with  as  great  saving  of  space  and  avoid- 
luioe  of   repetition  as  is  possible.    The  reader  will  find   in  the 
appendices  tables  of  drainage  areas,  a  list  of  water-powers,  and  much 
other  matter    pertaining  to  all  the  streams  which    are  hereafter 
discoased. 


KITTATINNY   VALLEY    AND    HIGHLAND 

STREAMS. 

For  a  detailed  description  of  the  topography  of  this  and  the  other 
classes  of  water-sheds  which  we  shall  hereafter  treat  of,  the  reader  is 
teferred  to  Volume  I.  of  the  Final  Report,  published  in  1888,  which 
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oontains  a  fall  topographical  descriptioxi  of  the  State.  The  shortei 
desoriptions  which  we  shall  give  here  are  intended  to  serve  ordinary 
purposes  and  cover  points  which  are  not  always  incladed  in  the  report 
referred  to.  The  rainfall  ased  with  the  gaugings  has  been  obtained 
by  averaging  two  or  more  stations  of  the  New  Jersey  State  Weathei 
Servicei  and  we  shall  here  acknowledge  our  indebtedness  to  this  ser- 
vice for  valuable  data  which  we  coald  not  otherwise  have  obtained 
No  matter  how  good  they  may  be,  stream  gaugings  without  tempo- 
rary  rainfall  measurements  are  absolutely  worthless  for  the  aocurati 
estimation  of  the  probable  flow  of  a  stream  during  periods  of  extreme 
drought.  For  purposes  of  water- supply,  the  yield  of  a  stream  if 
determined  by  its  yield  during  the  driest  period,  and  we  have,  in  eacl 
case,  given  what  we  believe  to  be  the  very  largest  amount  which  oax 
safely  be  collected  by  storage  from  each  class  of  water- sheds.  Oui 
figures  for  horse- power  always  refer  to  gross  or  theoretical  horse- 
power, unless  otherwise  stated.  In  accordance  with  ordinary  prac- 
tice, we  have  taken  the  available  horse-power  to  be  the  amount  whict 
will  be  at  all  times  available  during  nine  months  of  the  ordinary  dry 
year.  We  find  that  the  available  horse-power  will  be  available  foi 
about  9  months  in  12  excepting  once  in  fifty  years,  and  that  it 
will  be  available  throughout  the  whole  of  an  average  year,  or  foi 
more  than  one-half  of  the  time.  In  our  detailed  studies  of  eacb 
stream,  we  shall  show  from  time  to  time  how  this  theoretical  avail- 
able horse-power  compares  with  the  amount  actually  utilized. 

Kittatinny  valley  and  the  Highlands,  including  the  boldest  topo- 
graphy in  the  State,  generally  range  from  600  to  1,500  feet  in  eleva- 
tion. We  have  selected  two  types  for  our  estimates  of  the  flow  oi 
these  streams.  The  first,  or  ordinary,  includes  the  Paulinskill 
Musconetcong,  North  Branch  of  the  Raritan  and  most  of  the  Passai< 
headwaters.  It  is  the  ordinary  type.  The  estimated  flow  for  thif 
class  of  streams  is  given  in  Table  No.  51.  The  second  type  iacludef 
such  streams  a?  the  Pequest,  the  upper  part  of  the  south  branch  oi 
the  Raritan  and  others  which  have  flatter  water-sheds  and  a  consider- 
able amount  of  sand  and  gravel  therein,  giving  a  larger  flow  fron 
ground- water.  Such  streams  are  the  most  valuable  for  water-power 
as  they  give  a  larger  flow  during  the  extreme  dry  months,  but,  not- 
withstanding this  fact,  the  actual  amount  of  available  horse-powei 
determined  by  our  rule  is  no  greater  than  on  the  first  class  oj 
streams. 


WATER-SUPPLY. 


B 
4 


9    ^ 


I 


■wq<M3o|§Sii 


siS 


HS°«s 


<9  =  S  = 

III  I 


a^si 


^°ii 


2"Si 


Jill 

sssx 


SSS|  teS 

aC  S  t^  tjS  ^  *^ 

r^  3  M  lO  ^o 

3S|2  2S 


OO  ^  O  1^=^ 


129 

111 

1=1 
111 

"as 

11  ?• 


m 

°  a .. 
=  1^1 

s"ll 

*3  « 
8gj 

ill 

sis 

Hi 

:'Lill 

5'=  t* 


130      OKOLOGICAL  SUBVEY  OF  NEW  JEBSEY. 


? 

5 

s  • 

SSI* 

gsss    SS 

1 

™i   5S3i 

sS--' 

f 

■,^™«.,i  SSp 

S^Si 

pg§    SS 

g 

■»,o,Do  ggl  i 

PSI 

ps|    gg 

I 

SS8S 

s.«si 

sssss   ss 

-IfmSny     ^'^t    ■ 

g^sS 

3^=g    |R 

i 

■iff  JSJ  : 

3-iS 

SSS|    KSS 

o 

SSfSS 

S  S  D  s    §  s 

1 

•i.K 

sssa  i 

SSis 

a-¥i  ii 

a 

ss«s 

ssp 

SS|2     2S 

ludy 

i 

■"[■"■K 

E 

ill 
111 

1 

1 

ISiJ 

lip  ss 

•ijuruqsji 

; 

?gg8 

Sip  SI 

■,Cj«nuBr 

lip 

3 

i 

iSp 

SSSS     BS 

ESSS 

iP.i 

ssss    su 

S3 

■Jaqmwaa 

a 

i  1 

^  ; 

> 

Si 

i"B^ 

'a  «J        ^ 

1 

•I 

li 

m 

U    1 

i 

^P 

is.: 

^r      : 

u 

-^^1 

:*5 

=?1  i 

1 

1,11 

1 

f;;ns 

«- 

»l  o 

•siig   i; 

nrs 

»?? 

=111    si 

Hi* 

lis* 

S  $■-  i       8  8 

■s^li   -s-g 

ht 

sa 

5EK 

ji 

Kb    ss 

WATER-SUPPLY.  131 


FLAT   BBOOK. 

BeginniDg  at  the  most  northerly  point  of  the  State  and  passing 

^own  Delaware  river,  the  first  stream  of  any  importance  tributary 

to  the  Delaware  from  New  Jersey  is  Flat  brook.     Its  sonrce  is  near 

High  Point,  in  the  Kittatinny  mountains,  21  miles  from  its  mouth. 

Its  water-shed  has  an  area  of  65.7  square  miles,  54  per  cent,  of  which 

is  in  forest.    The  population  is  21  to  the  square  mile.    This  area 

lies  entirely  upon  the  west  slope  of  Kittatinny  mountain,  being  nearly 

flix  miles  wide  near  the  source  and  two  and  one-half  miles  near  the 

mouth.    The  stream  rises  quickly,  floods  passing  over  in  about  36 

hoore.    We  have  no  gaugings,  but  estimate  the  maximum  flow  to  be 

tbont  60  cubic  feet  per  second  per  square  mile.    The  stream  gets  very 

muddy  in  time  of  floods.    Its  flow  is  that  shown  in  Table  No.  61. 

VfoHjet-wpply. — ^This  stream  is  of  no  importance  as  a  source  of 
domestio  water-supply.  It  is  remote  from  all  probable  demand,  and 
there  are  few  opportunities  for  storage,  excepting  in  the  lower  valley. 
)Fafor*pof0er. — From  Table  No.  51  we  estimate  the  available  power 
on  seven  feet  fall  at  the  grist  mill  at  Peter's  Valley  to  be  24.15  horse- 
power. Table  No.  61  shows  the  available  horse-power  for  nine 
months  of  an  ordinary  dry  year  to  be  .069  horse-power  per  foot  fall 
for  each  square  mile.  We  find  the  horse-power  actually  in  use  here 
is  23.  In  the  same  way  we  estimate  the  available  power  at  Flat- 
brookville  to  be  4  48  horse-power  for  each  foot  of  &11.  As  the 
Delaware  rises  some  32  feet  in  great  floods  at  this  point,  water- 
powers  developed  near  the  mouth  will  be  liable  to  drowning  occasion- 
%  from  back-water.  About  40  feet  fall  could  be  utilized  at  a  point 
one  and  one- half  miles  above  Flatbrookville.  This  site  is  at  present 
uuuxsessible,  but  a  railroad  is  projected  to  pass  through  the  valley  on 
the  Pennsylvania  side  of  the  Delaware,  which  will  improve  the 
facilities  for  transportation.  The  amount  of  power  actually  in  use 
opcQ  the  stream  at  present  is  shown  in  the  table  of  water-powers  in 
Appendix  I. 

PAULINSKILL. 

This  stream  lies  in  the  main  axb  of  the  Kittatinny  valley,  which 
it  drains  for  25  miles,  firom  Augusta  south  westward  to  the  Delaware. 
Ae  lower  18  miles  of  the  water-shed  is  quite  uniform  in  width, 
averaging  7  miles,  with  its  western  border  on  Kittatinny  mountain 
fit)m  1,000  to  1,200  fert  above  the  stream,  and  its  eastern  border  on 
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a  slate  ridge  about  400  feet  above.  The  upper  part  widens  out  to  li 
miles  and  has  some  swampy  areas,  which  have  been  partially  drained 
The  fall  for  the  first  10  miles  from  the  mouth  averages  7  feet  pei 
mile,  with  little  variation ;  for  20  miles  above  this  it  is  8.6  feet  pe 
mile,  also  very  uniform.  The  distance  by  the  stream  from  thi 
remotest  source  to  the  mouth  is  about  36  miles.  The  bottom  of  th* 
valley  is  blue  limestone ;  the  higher  portions  of  the  shed  mainly  slate 
About  26  per  cent,  of  the  area  is  in  forest.  Much  of  the  lower  portioi 
is  in  permanent  pasture,  while  the  ridges  are  devoted  to  general  fieurming 

Swartswood  and  Culver's  lake  have  both  been  utilized  as  reservoir 
for  mills,  and  are  controlled  for  a  depth  of  4  to  6  feet,  with  extrem< 
variations  in  height  of  6.5  feet  at  Swartswood  and  6.5  feet  at  Cul 
ver's.  These  and  other  lakes  on  the  water-shed  represent  a  tota 
storage  of  0.7  inch  on  the  entire  water-shed,  which  storage  is  allowec 
to  flow  pretty  freely  to  feed  the  respective  mills.  This  and  the  addi 
tional  storage  aflbrded  by  the  meadows  near  Newton  account  for  i 
very  large  first-month  storage  flow. 

From  flood-marks  at  Hainesburgh,  the  flood-discharge  seems  to  \a 
limited  to  4,126  cubic  feet  per  second,  or  23  cubic  feet  per  second  pei 
square  mile  of  water-shed.  The  long,  narrow  shed  below,  and  flat- 
ness of  the  upper,  broad  portion,  favor  a  gradual  discharge  of  surface- 
water.  In  cases  of  single  heavy  showers,  the  time  from  the  height  oi 
the  shower  to  the  height  of  the  flood  at  Hainesburg  does  not  ezoeed 
24  hours.  The  duration  of  flood-flows  is  from  4  to  8  days,  althougb 
the  water  is  not  over  the  river  banks  much  more  than  one-quarter  oi 
this  time.  The  discharge  reaches  1,800  cubic  feet  per  second  before 
the  banks  are  overtopped,  or  about  10  cubic  feet  per  second  pei 
square  mile. 

The  dry-season  flow,  determined  from  data  as  to  the  run  of  milh 
in  extreme  droughts,  ranged  from  0.126  to  0.130  cubic  feet  per  second 
per  square  mile,  agreeing  well  with  observed  minima  for  other  High- 
land and  Kittatinny  valley  streams. 

A  gauge  was  set  up  at  the  mill  of  Messrs.  G.  C.  Adams  &  Co.,  a1 
Hainesburgh,  about  25  miles  above  the  mouth  of  the  stream,  and 
read  by  Mr.  A.  D.  Cornell.  There  is  a  small  amount  of  leakage 
through  the  dam,  but  not  enough  to  cause  any  serious  error.  There 
are  several  mills  above,  but  none  of  them  have  very  large  ponds,  and 
while  they  hold  back  some  water,  it  is  not  probable  that  the  mini- 
mum flow  for  any  week  is  very  much  reduced  thereby,  although  the 
observed  minimum  for  a  single  day  probably  is. 
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The  aooompanying  table  gives  the  flow  by  montha,  in  inohes,  on 
the  mter-shed,  and  also  the  maximum,  nunimom  and  average  flow 
in  oabio  feet  per  aecoDd : 
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For  the  single  full  year  shown  in  the  above  gangingSi  the  flow  i^ 
pears  to  be  remarkably  like  that  of  the  Oroton^  Sadbory  and  Passaie 
for  the  same  amount  of  rainfall.  These  gaogings,  like  several  others 
given  hereafter,  serve  mainly  to  satisfy  us  that  the  streams  obey  our 
general  law  of  evaporation  and  flow,  and  also  to  fix  for  us  the 
peculiarities  of  ground-flow. 

The  Paulinskill  flow  is  that  shown  in  Table  No.  51. 

WateT'Supply. — This  stream  does  not  promise  to  ever  become  im- 
portant as  a  source  of  domestic  water-supply.  Distance  from  probable 
demand,  comparatively  low  elevation,  the  agricultural  character  of 
the  water-shed  and  consequent  roiliness  in  time  of  flood,  together  with 
a  possible  hardness  of  waters  from  the  limestone  bottoms,  all  eon- 
tribute  to  make  it,  as  a  whole,  lees  desirable  than  some  other  streams.^ 
Some  branches  may  be  excepted  from  these  statements,  as  we  shall  see 
when  we  come  to  consider  them  later. 

Horse^power. — Baleville  is  the  first  point  where  the  stream  be* 
comes  of  considerable  size  by  the  junction  of  the  east  and  west 
branches.  The  water-shed  above  this  point  is  66.3  square  miles, 
consequently  we  find  by  Table  No.  51  that  the  available  power  for  ^ 
months  of  the  ordinary  dry  year  is  4.57  horse- power  per  foot  fall. 
The  mills  here  actually  utilize  from  6.66  to  11.03  horse-power  for 
each  foot  fall,  but  there  is  not  more  than  our  estimated  power 
steadily  in  use.  Below  the  mouth  of  Swartswood  lake  branch  the 
water-shed  becomes  102  square  miles,  and  we  estimate  the  available 
horse-power  at  Stillwater  to  be  7.04  for  each  foot  fall.  From  5  te 
5.7  is  actually  utilized.  The  fall  from  Baleville  to  Stillwater  is  70 
feet,  28  feet  of  which  is  improved.  Near  Swartswood  and  Emmons 
stations,  on  the  New  York,  Susquehanna  and  Western  railroad,  sites 
with  about  12  feet  fall  each  and  about  54  available  horse-power 
might  be  improved.  At  Paulina  we  estimate  the  available  power  to 
be  8.07  horse-power  per  foot  fall.  About  10  horse-power  is  actually 
in  use.  It  should  be  noted  here  that  our  estimated  power  is  for  24 
hours  daily,  whereas  the  succession  of  mill-ponds  along  the  stream 
afford  storage  enough  to  concentrate  the  entire  power  into  working 
hours,  consequently  more  power  than  our  estimate  can  be  utilized 
from  12  to  14  hours  per  day.  Between  Stillwater  and  Paulina,  42.5 
out  of  70  feet  is  improved.  The  remaining  fall  b  much  divided,  and 
can  scarcely  be  utilized  except  by  increasing  the  fall  of  existing  sites. 
There  is,  however,  an  unused  grist-mill  site  with  9  feet  fall  at  Paulina 
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which  should  fomiah  72  horse-power  bj  our  table.  The  water-shed 
here  is  117  square  miles.  At  Hainesbnrgh  we  make  the  available 
power  12.07  horse-power  per  foot  fall.  The  amount  improved  is  16 
horse-power  per  foot  fall^  which  is  said  to  be  satisfactorily  used. 
Between  Paulina  and  Hainesborgh  we  have  40  feet  of  unused  fall, 
good  for  about  400  gross  horse-power.  This  could  probably  be  utilized 
at  three  or  four  sites.  Below  Hainsburgh  the  fall  is  all  developed. 
The  grist-mill  at  Warrington  has  8  feet  fall,  and  we  estimate  96 
available  horse-power.  Something  more  than  this  is  actually  required 
to  run  the  present  mill,  which  has  a  low  efficiency.  At  Columbia 
there  is  an  unused  saw-mill  site  with  13  feet  fall  and  156  available 
horse-power. 

Swartawood  lake. — This  lake  is  utilized  for  storage  for  the  mill  of 
John  W.  Kean,  Esq.,  on  the  outlet.  The  extreme  variation  between 
low  and  high- water  levels  is  6.5  feet,  representing  a  storage  of  121,- 
000,000  cubic  feet.  Even  with  the  large  storage,  the  flood-flow  at 
the  outlet  has  reached  1,070  cubic  feet  per  second,  or  65.8  cubic  feet 
per  seoond  per  square  mile  of  water- shed.  With  this  great  storage, 
the  power  at  the  outlet  is  a  very  good,  reliable  one,  always  sufficient 
for  three  run  of  stone  on  17  feet  head.  The  water-shed  is  16.3  square 
miles,  and  this  is  a  good  example  of  successful  utilization  of  a  small 
water-shed  for  power  by  means  of  storage. 

The  storage  amounts  to  3.16  inches  upon  the  water-shed.  It  is, 
oonseqaently,  enough  to  maintain  a  flow  of  0.70  inch  monthly,  even 
in  the  driest  year,  and  as  this  flow  can  be  concentrated  into  working 
hours,  2.26  horse-power  per  foot  fall  will  always  be  available  at  the 
outlet  for  12  hours  daily.  This  is  now  utilized  on  17  feet  fall,  but  it 
would  seem  feasible  to  obtain  65  feet  by  a  raceway  about  half  a  mile 
m  length,  giving  a  very  reliable  power  of  124  horse-power. 

This  water-shed  might  also  be  utilized  for  water-supply,  for  which 
it  is  much  better  adapted  than  the  main  Paulinskill.  With  the  pres- 
ent storage,  it  would  supply  6,500,000  gallons  daily.  With  storage 
equal  to  7  inches  upon  the  water-shed,  it  will  afibrd  a  supply  of 
about  11,000,000  gallons  daily.  The  elevation  is  482  feet.  The 
area  of  the  lake  is  506  acres. 

Odver^s  UUce^  at  Branchville,  is  also  utilized  for  storage  for  mills 
It  has  a  storage  capacity  between  extreme  levels  of  137,000,000  cubic 
feet.    The  area  of  the  lake  is  486  acres ;  its  drainage  area  is  6.3 
square  miles.    Within  this  same  water- shed  is  Long  pond,  with  an 
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area  of  299  acres  and  2.5  square  mUes  of  drainage.  Colver^B  lake 
may  be  drawn  off  6  feet  and  affords  abont  8  inches  storage  upon  the 
water-shed.  In  addition  to  this  is  the  natural  storage  of  Ixnig  pond. 
There  is  some  300  feet  fall  in  the  2  miles  from  the  ontlet  to  Brandi- 
ville.  With  the  above  storage^  there  is  always  available  0.74  horse- 
power per  foot  &11.  Ten  mills  ntUice  205  feet  of  the  available  fidl, 
bat  6  of  these  are  not  in  use.  Aboat  1.8  horse-power  per  foot  fall 
is  aotoallj  in  use.  As  our  0.74  horse-power  computed  is  concentrated 
into  working  hours,  it  becomes  1.48  horse-power,  consequently  these 
mills  have  steady,  reliable  power.  It  would  appear  that  in  this  case 
it  might  be  easy  to  transmit  the  power  of  these  several  plants,  eleo- 
trically,  to  a  single  point  in  Branchville,  utilizing  250  feet  fidl  and 
185  horse-power  continuous,  or  370  horse-power  in  working  hours. 
In  this  way  the  present  inaooessibility  of  several  of  the  mills  would 
be  obviated.  These  powers  have  been  highly  regarded  in  the  past, 
and  no  doubt  justly,  as  our  estimates  show.  It  is  an  admirable 
instance  of  a  large  amount  of  power  obtained  from  a  small  water-shed 
with  high  fall,  by  storage. 

Culver's  lake  is  at  850  feet  elevation.  It  would  afford  a  good 
domestic  supply  of  4,200,000  gallons  daily  with  the  present  storage. 

Although  a  considerable  amount  of  power  is  developed  at  Lafayette, 
on  the  eastern  branch,  the  other  branches  of  the  Paulinskill  do  not 
call  for  special  comment. 

Passing  down  the  Delaware,  the  next  stream  of  importance  is  met 
at  Belvidere. 

PEQUEST  BIYEB. 

This  stream  lies  at  the  eastern  side  of  the  Kittatinny  valley.  In 
the  midst  of  its  water-shed,  Jenny  Jump  mountain,  a  ridge  of  gneiss, 
rises  and  covers  some  17  square  miles,  the  total  area  of  the  water-shed 
being  158.2  square  miles.  The  southern  and  eastern  border  of  the 
area  is  also  on  the  gneiss,  but  most  of  it  lies  upon  the  blue  limestone, 
and  30  square  miles  of  this  is  very  level,  the  remainder  of  the  water- 
shed being  of  about  the  same  slope  as  the  Paulinskill.  The  length 
of  the  main  stream  is  32  miles  from  its  remotest  source,  near  Pink- 
neyville,  to  its  junction  with  the  Delaware  river  at  Belvidere.  Its 
principal  affluent  is  Beaver  brook,  which  comes  in  from  the  north  2 
miles  from  the  mouth  and  drains  37  square  miles.  The  fall  of  the 
main  stream  for  the  lower  10  miles  is  27  feet  per  mile;  for  4  miles 
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■bove  thiB  it  is  2,6  feet  per  mile ;  and  this  bringe  as  to  the  oatlet  of 
the  great  Peqaest  meadowa,  whiob  were  drained  some  years  since. 
These  meadows  have  an  area  of  aboat  8  square  miles,  and  before 
being  dnined  they  were  extremely  wet,  nnder  water  mnoh  of  the 
time,  but  they  are  now  being  brought  under  ooltivaUon,  In  1885 
they  were  nearly  half  in  timber,  bat  this  is  now  being  oat  off.  The 
Ul  of  the  stream  for  5^  miles  through  these  meadows  is  4  feet  per 
mile;  the  next  6  miles  have  a  fall  at  the  rate  of  4.5  feet,  and  the 
valley  oontinaee  nearly  level  to  the  soaroe  of  the  stream,  whioh  flows 
thioogh  a  chain  of  small  lakes.  There  is  mnoh  drift  on  the  baaiUj 
18  it  is  oraeBed  by  the  terminal  moraine.  Forest  covers  18  per  cent. 
of  the  shed.  A  gange  was  set  ap  at  Belvidere  and  read  first  by  Mr. 
Clinton  Ckile,  and  later  by  Mr.  I.  B.  Keener. 
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Rain— Inches.  Flow— InohM. 

Jone  to  November,  1890 23.81  10^ 

December  to  May,  1891 22.51  15.61 

Jane  to  November,  1891 18.92  5.09 

June,  1890,  to  May,  1891 46.32  26.97 

December,  1890,  to  November,  1891 41.43  20.70 

CompariDg  these  gaugings  with  those  for  the  Paulinskill^  they  are 
found  to  show  always  larger  flow  in  the  dry  months,  bat  very  similar 
resolts  in  the  aggregate.  In  short,  the  flow  from  ground-storage 
after  the  first  two  or  three  months  of  depletion  is  better  sustained  on 
the  Pequest  The  ground- flow  curve  derived  from  Passaic  gaugings 
was  found  to  agree  well  with  these  gaugings,  and  was  adopted  for 
Highland  and  Kittatinny  valley  streams  of  this  type,  the  resulting 
estimated  flow  being  shown  in  Table  No.  52.  Referring  to  this  table, 
we  find  all  the  data  of  flow,  therefore,  for  the  Pequest. 

The  surface-flows  show  much  less  fluctuation  than  on  the  Paulins- 
kill.  The  floods  do  not  reach  a  great  height,  and  require  more  time 
to  discharge.  The  waters  from  the  lower  part  of  the  main  stream, 
where  the  slopes  of  stream  and  water*  shed  are  steep,  discharge  first 
and  are  out  of  the  way  before  the  slow-moving  floods  from  the  flat 
upper  shed  have  come  down.  The  height  is  reached  at  Belvidere  in 
about  36  hours,  but  the  waters  are  not  discharged  in  less  than  fix>m  7 
to  10  days.  The  contracted  outlet  and  small  preparation  for  heavy 
flood-discharges  are  noticeable  at  Belvidere.  The  highest  flood-marks 
pointed  out  indicate  a  flow  of  1,996  cubic  feet  per  second,  12.6  per 
square  mile,  and  this  must  be  the  extreme  limit.  This  is  a  light  dis- 
charge for  northern  New  Jersey. 

At  Ketcham's  mills,  one  mile  below  Townsbury,  the  flood  is  said 
to  reach  its  height  in  from  12  to  24  hours,  remain  high  for  two  days 
and  then  recede  slowly.  Mr.  Ketcham  thinks  the  river  is  more  fluctu- 
ating than  it  was  before  the  drainage  of  the  Pequest  meadows,  and 
gets  lower  in  summer.  Mr.  John  Green,  at  the  mill  just  above,  thinks 
that  the  drainage  has  improved  the  summer  flow  of  the  stream,  as 
there  is  less  loss  from  evaporation  than  from  the  great  overflowed  area 
of  former  years.  The  majority  of  the  mill-owners  seem  to  hold  the 
latter  opinion.  The  maximum  discharge  at  Townsbury  seems  to  be 
about  800  cubic  feet  per  second,  on  83.4  square  miles  of  water-shed ; 
about  9.6  cubic  feet  per  second  per  square  mile.  As  this  point  is  at 
the  outlet  of  the  flat  upper  shed  and  the  steeper  parts  are  not  involved, 
it  appears  to  agree  wdl  with  the  observed  discharge  at  Belvidere. 
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The  dry-season  flow  here  has  been  estimated  from  the  ran  of  mill 
to  be  about  14  cubic  feet  per  second.  This  was  in  the  great  drought 
of  1881.  The  rate  would  be  0.17  cubic  feet  per  second  per  square 
mile. 

At  Tranquility  the  maximum  flood-flow  indicated  is  660  cubic  feet 
per  second^  or  18.7  per  square  mile.  At  Huntsville,  the  greatest 
known  discharge  was  605  cubic  feet  per  second^  or  19.3  per  square 
mile.  These  last  two  places  are  both  above  the  Great  Meadows,  and 
the  increase  of  flood*  flow  over  Townsbury  is  apparent,  but  the  drain- 
age area  is  still  very  flat.  The  flood  at  Huntsville,  referred  to,  re- 
mained very  high  for  two  days.  The  river  does  not  get  very  muddy 
in  floods. 

Oreen^s  pond  has  a  capacity  of  10,000,000  cubic  feet  between  its 
extreme  levels.  This  is  all  natural  storage.  Hunt's  pond  is  utilized 
for  storage  for  the  mill  of  T.  F.  Hunt,  Esq.,  with  a  capacity  of 
7,246,000  cubic  feet  Allamuchy  pond  is  also  utilized,  with  27,000,000 
cabio  feet  capacity.  The  flood-flow  at  its  outlet  is  40  cubic  feet  per 
second  for  1.7  square  miles  of  steep  water-shed  on  Archean  rock. 
With  the  same  area  on  slate  rock,  with  gentler  slopes.  Hunt's  pond 
gives  a  maximum  of  43  cubic  feet  per  second.  This  is  another  good 
example  of  the  utilization  of  a  very  small  water-shed  for  power  by 
means  of  storage.  Mr.  Hunt  has  always  enough  power  for  one  run 
of  stone  in  the  dryest  weather  on  30  feet  fall. 

Water-supply. — The  Pequest  has  little  value  as  a  source  of  public 
water-supply.  It  is  generally  less  roily  than  the  Paulinskill  in  time 
of  flood,  but  it  drains  an  agricultural  country,  largely  limestone  and 
very  flat.  The  water  may  be  expected  to  be  rather  hard,  and  the 
fiudlities  for  storage  are  extremely  poor.  Considering  its  remoteness 
from  the  probable  demand,  its  elevation  is  also  low.  It  is  by  no 
means  as  desirable  as  the  main  Delaware  itself. 

Waier-poufer. — Its  large  ground- flow  makes  the  Pequest  one  of  the 
most  desirable  of  the  Kittatinny  valley  streams  for  water-power.  The 
fieusilities  for  transportation  are  good,  the  Lehigh  and  Hudson  River 
railroad  following  the  entire  course  of  the  main  stream. 

At  Tranquility  the  available  power  is  2.33  horse-power  per  foot 
fS&ll.  The  head  here  is  6  feet.  There  is  very  little  fall  available  on 
this  upper  part  of  the  water- shed.  From  Townsbury  down  to  Bel- 
yidere,  about  ten  miles,  the  total  fall  is  270  feet.  At  Townsbury  the 
available  power  is  6.69  horse-power  per  foot  fall.  Nearly  11  is  utilized 
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with  considerable  pondage,  but  not  more  than  the  above-estimated 
power  is  ordinarily  osed.  From  here  to  Batzville  there  is  130  feet 
fall)  31  of  which  is  in  use.  The  rest  could  only  be  utilized  by  race- 
ways. La  half  a  mile  20  feet  fall  could  be  obtained  at  two  or  three 
points,  the  available  power  ranging  from  6.59  to  7.70  horse-power 
per  foot  fall.  From  Butzville  to  the  mouth  of  Beaver  brook  there  is 
70  feet  of  fall,  of  which  only  6  is  utilized.  The  available  power  here 
is  8  horse*power  to  a  foot  of  fall,  and  some  of  this  might  be  utilized 
near  Bridgeville.  Below  the  mouth  of  Beaver  brook  the  available 
power  is  10.46  horse-power  per  foot  of  fall.  About  20  feet  fall 
could  readily  be  improved  at  this  point,  and  a  power  of  210  horse- 
power developed.  This  is  within  1.6  Allies  of  Belvidere,  where  42 
feet  fall  is  improved,  with  a  use  of  12.4  horse-power  per  foot  fall. 

Beaver  brook. — This  is  the  only  important  ajfiuent  of  the  Pequest 
It  has  not  much  importance  at  present,  being  rather  inaccessible, 
with  few  very  good  sites  for  mills.  At  Sarepta  the  available  power 
is  2.34  per  foot  fall,  and  there  is  an  unused  mill  site.  At  Hope  the 
mill  has  26  feet  fall,  and  we  make  the  available  horse-power  0.63  per 
foot  fall. 

Pophandusing  brook  and  Buohkom  Greek  belong  to  the  class  of 
streams  the  flow  of  which  is  given  in  Table  No.  61.  They  are  not 
important. 

Lopatoong  creek  belongs  also  to  the  ordinary  type  of  this  class  of 
streams.  It  is  considerably  utilized  for  power,  but  its  flow  is  mingled 
with  that  from  the  Morris  canal.  Its  headwaters  above  Harmony 
would  be  available  for  a  small  public  water-supply. 

At  the  mouth,  there  are  evidences  of  a  very  heavy  flood-flow,  and 
also  at  Lower  Harmony.  It  appears  to  be  at  the  rate  of  about  133 
cubic  feet  per  second  per  square  mile. 

The  minimum  flow  is  apparently  0.38  cubic  feet  per  second  per 
square  mile  at  Lower  Harmony.  The  stream  here  issues  from  a  nar- 
row and  very  deep  ravine  in  Scott's  mountain,  which  accounts  for  a 
large  ground-flow. 

POHATOONG    CREEK. 

This  stream  drains  an  area  23  miles  long,  with  an  average  width 
of  2.4  miles  and  an  area  of  56.2  square  miles.  The  city  of  Washing- 
ton is  within  its  basin.  Pohatcong  mountain  forms  its  southeast  rim, 
rising  from  400  to  500  feet  above,  and  Scott's  mountain  its  northwest 
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border,  rising  £rom  600  to  800  feet  The  valley  is  rolling  limestone 
ooontry,  highly  ooltivatedy  and  the  ridges  jost  mentioned  are  gneissic 
and  generally  wooded.  The  Morris  canal  traverses  the  basin  for 
iboat  12  miles,  and  is  said  by  the  mill-owners  to  at  times  draw  some- 
thing from  the  flow  of  the  stream.  The  leakage  from  the  canal  into 
streams  is  oonsiderable.  The  flow  of  the  Pohatoong  is  as  shown  in 
Table  No.  61. 

WoUer-supply. — By  reason  of  its  large  population  and  agricultural 
oharacter,  the  basin  has  little  value  as  a  gathering-ground  for  public 
water-supply.  Some  of  the  small  branches,  however,  may  have 
value  for  local  gravity  supplies  of  limited  amount.  Brass  Castle 
creek  is  now  used  as  a  supply  for  Washington. 

Notes  of  flow. — ^Near  its  mouth,  the  stream  reaches  flood-height  in 
one  day,  remains  high  one  day  and  runs  down  in  about  the  same 
time,  die  duration  of  flood  being  about  three  days.  On  the  lower 
part  of  stream,  the  maximum  flow  seems  not  to  exceed  26  cubic  feet 
per  second  per  square  mile.  The  minimum  flow  falls  to  about  0.14 
cabic  feet  per  second  per  square  mile. 

WaieT'power. — ^The  stream  is  chiefly  valuable  for  power,  493  gross 
horse-power  being  in  use,  mostly  by  grist  or  flouring  mills.  Five 
lines  of  railway  aflTord  transportation. 

At  Carpentersville,  near  the  mouth,  the  available  power  is  3.86 
horse-power  per  foot  of  fall.  About  4  horse-power  per  foot  fall  is 
utilised  at  the  saw-mill.  At  Springtown,  3.73  horse-power  per  foot 
fidl  may  be  had.  An  average  of  4.1  is  improved  at  the  mills  here. 
Between  the  saw-mill  at  Carpentersville  and  the  next  mill  above, 
about  30  feet  fall  is  unimproved.  A  power  of  114  horse-power  could 
be  developed  here.  At  Springtown  and  above,  to  Levi  Cressman's 
mill,  the  fall  is  quite  well  utilized,  and  the  developed  horse-power  is 
generally  close  to  our  estimated  available  power.  Above  Cressman's, 
the  valley  becomes  flat  and  no  facilities  exist  for  the  development  of 
important  power. 

MUSCONSTCONG  BIVEB. 

This  stream  has  a  long,  narrow  water-shed  in  the  Archean  High- 
lands. The  higher  ground  is  Archean  rock,  quite  well  covered  with 
soil ;  the  valley  bottom  is  limestone,  with  some  slate  in  the  foot-hills. 
The  width  at  the  mouth  is  2  miles,  very  gradually  increasing  to  4 
at  Hackettstown,  26  miles  up  the  valley,  then  narrowing  to  less  than 
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3  to  6  miles  farther  up,  at  Waterloo.  On  these  32  miles  of  the  ooaise 
the  stream  flows  at  the  southeast  side  of  a  very  straight  valley,  above 
which  the  hills  rise  from  400  to  600  feet.  Just  above  Waterloo  the 
main  stream  comes  into  the  valley  from  the  plateau  southeast,  while 
the  upper  part  of  the  straight  valley  is  occupied  by  the  principal 
affluent.  Lubber's  run.  The  combined  sheds  of  the  two  forks  widen 
out  to  6  miles,  and  extend  12  miles  northeast  from  Waterloo.  This 
upper  area  ia  quite  largely  covered  with  drift,  and  is  more  wooded 
than  the  lower  parts.  Lubber's  run  has  87  per  cent,  and  Lake 
Hopatcong  94  per  cent  of  its  area  in  forest.  On  both  branches  there 
has  been  a  considerable  amount  of  storage  utilized  by  the  Morris 
canal  to  feed  that  water-way.  Lake  Hopatcong  has  a  drainage  area 
of  26.4  square  miles,  and  has  been  raised  by  a  dam  at  the  outlet  so  as 
to  give  a  storage  of  1,100,000,000  cubic  feet  This  storage  is  used  to 
feed  the  canal  in  both  directions,  so  that  some  of  the  waters  of  the 
Musconetcong  are  diverted  to  the  eastern  slope  of  the  State.  ''  It  is 
stated  than  the  Stanhope  mill  has  rights  to  the  original  power  at  the 
outlet,  and  that  an  opening  of  10  by  36  inches  is  kept  for  the  pur- 
pose of  supplying  the  mill."  (Newark  Aqueduct  Board,  report  on 
Additional  Water-Supply,  J.  J.  B.  Croes  and  (George  W.  Howell.) 

Stanhope  reservoir,  two  miles  below,  affords  additional  storage. 

On  Lubber's  run.  Cranberry  reservoir  and  Bear  ponds  are  utilized 
for  storage.  This  complicates  the  flow  of  the  stream  somewhat. 
There  is  naturally  much  disagreement  between  the  canal  company 
and  the  many  mill-owners  on  the  lower  part  of  this  valuable  waters 
power  stream.  It  is  evident,  from  the  diagram  of  this  year,  that  the 
flow  has  been  kept  up  during  the  dry  months  by  allowing  some  water 
to  run  from  storage.  How  it  may  be  in  very  dry  years  is  not  evi- 
dent, of  course.  There  is  a  marked  difference  of  opinion  among  the 
mill* owners  themselves  as  to  whether  they  are  benefited  or  injured 
by  the  storage.  The  table  which  appears  below  shows  the  effect  of 
Btorage,  not  only  in  the  dryseason  flows,  bat  in  the  cutting  down  of 
flood- flow,  as  compared  with  other  streams. 

The  source  of  this  stream  is  in  the  Sparta  mountains,  near  the 
Pine  swamp,  52  miles  from  the  mouth.  The  fall  for  the  lower  8 
miles  is  16  feet  per  mile;  the  next  22  miles,  from  Hackettstown  to 
Bloomsbury,  have  12  feet  per  mile;  from  the  mouth  of  Lubber's 
run  to  Hackettstown,  8.5  miles,  the  fall  is  16  feet  per  mile;  while 
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from  Lake  HopatooDg  down  to  the  valley  of  Lubber's  run,  the 
stream  falls  66  feet  per  mile,  for  6  miles. 

At  FmesviUe,  it  appears,  from  the  statements  of  Messrs,  Taylor, 
Stiles  &  Co.,  that  the  river  has  not  ran  much  lower  in  the  pre- 
vious six  years  than  the  recorded  gaugings  indicate.  It  requires  four 
hours  for  the  water  to  reaoh  here  from  the  mills  jast  three  miles 
above,  which  would  indicate  a  velocity  of  0.75  mile  an  hour.  The 
mazimnm  flood-flow,  indicated  by  high-water  marks  here,  is  1,960 
cabio  feet  per  second,  about  12.8  per  square  mile,  which  seems  very 
small,  but  is  apparently  correct.  An  ordinary  flood  discharges  about 
1|600  cubic  feet  per  second.  It  should  be  noted  that  the  extremely 
narrow  lower  shed  and  storage  on  the  upper  area  both  contribute  to 
nduce  the  rate  of  discharge. 

At  Bloomsbury,  Mr.  F.  O.  Hoffman  places  his  dry-season  power 
at  a  rate  equal  to  about  70  cubic  feet  per  second. 

At  Imlaydale  Mills,  Mr.  S.  S.  Cramer  has  a  well-equipped  mill 
which  indicates  a  low-season  flow  of  a  little  less  than  66  cubic  feet 
per  second. 

At  Stephensburg,  the  mill  can  run  two  run  of  stone  about  all  the 
time,  indicating  a  flow  of  36  cubic  feet  per  second. 

At  Hackettstown,  Mr.  Lewis  J.  Youngblood  reports  that  he  has 
not  stopped  his  mill  more  than  30  days  since  1863  for  lack  of  water. 
He  nms  three  run  of  four-feet  stones,  on  9.6  feet  fall,  with  a  breast- 
wheel  He  uses  about  70  cubic  feet  per  second,  and  has  a  consider- 
able pondage.  At  the  saw-mill  above,  12  horse-power  was  obtained 
all  through  the  drought  of  1881,  on  8  feet  fall,  indicating  a  flow  of 
26  cubic  feet  per  second.  The  stream  here  is  said  to  reach  its  height 
^  hours  after  a  heavy  rain,  and  requires  two  weeks  to  run  down  to 
its  ordinary  stage.  At  Saxton  Falls,  where  the  Morris  canal  and  the 
'iver  finally  separate  their  flows,  the  flood- flow  of  the  river  is  1,080 
cable  ftet  per  second,  the  water-shed  being  about  68  square  miles. 
This  is  at  the  rate  of  16.9  per  square  mile,  a  low  rate,  agreeing  with 
^t  at  Finesville. 

A  gauge  was  set  up  at  Finesville,  at  the  mills  of  Messrs.  Taylor, 
Stfles  &  Company,  and  taken  in  charge  and  carefully  read  by  these 
gentlemen.  These  gaugings  are  believed  to  be  very  close  to  the  truth, 
^e  overfall  being  favorable  to  good  results.  Several  gaugings  of 
the  Morris  canal  flow  were  also  made.  The  accompanying  table 
pvea  the  results : 
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FLOW  OF  THE  MTrsCOHETCOHa  AT  FIMKITILLX. 
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Oar  atodiee  of  Morris  canal  draaght  indicate  that  the  reservoirs  of 
Lake  Hopatcong,  Stanhope,  Bear  ponds  and  Oranbeny  reserroir 
practically  ntilize  and  divert  the  flow  of  34  sqnare  miles  of  the  above 
drunage  during  the  year,  or  22  per  cent,  of  the  whole.  Correcting 
for  this,  we  have  the  following  results : 

B«ln.      Uauged  Flow.    True  Flow. 

June,  1890,  to  May,  1891 40.35  20.54  26.07 

December,  1890,  to  November,  1891 42.69  18.08  22.04 

This  shows  similar  reenlts  to  those  of  the  Paalinshill  and  Peqaeet 
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A  detailed  analysis  of  these  gaugiogs  shows  that  without  storage 
the  natural  flow  of  the  stream  would  be  as  shown  by  Table  No.  61. 
Our  estimates^  oonacquendy,  ignore  any  advantage  or  disadvantage 
which  may  result  from  the  storage  and  draught  of  the  Morris  canal 
works. 

Water-tupply. — ^The  population  of  this  water-shed  is  71  to  the 
Bqoare  mile.  The  percentage  of  forested  area  is  39.  The  portion  of 
the  water- shed  lying  above  Hackettstown  is  a  desirable  source  of 
water  supply,  and  we  may  even  include  all  above  New  Hampton. 
At  this  point  the  waters  could  be  drawn  off  at  an  elevation  of  400 
feet  above  tide-water.  A  tunnel  about  one  and  one-half  miles  losg 
woald  carry  them  to  the  eastern  slope  of  the  Highlands,  whence  they 
ooald  be  conducted  to  the  populous  districts  eastward. 

The  drainage  above  embraces  122.4  square  miles,  25.4  square  miles 
of  which  is  already  provided  with  storage  in  Lake  Hopatcong,  leav- 
ing 97  square  miles  to  be  provided  with  7  inches  storage,  or 
11,799,000,000  gallons  in  all.  Sites  for  storage  may  be  found  along 
the  main  stream  and  in  the  valley  of  Lubber's  run.  With  this  stor- 
ige,  the  water- shed  would  supply  81,600,000  gallons  daily.  With- 
out storage,  the  stream  will  supply  9,914,400  gallons  daily  at  New 
Hampton  at  all  times. 

Above  Hackettstown,  the  drainage  area  is  74.6  square  miles. 
Seven  inches  storage  will  require  5,985,000,000  gallons  in  addition  to 
Lake  Hopatcong,  and  the  total  supply  will  then  amount  to  49,700,000 
gallons  daily.  Without  storage,  it  will  not  exceed  6,042,000  gallons 
daily.  The  elevation  of  intake  of  this  supply  would  be  660  feet. 
Some  three  miles  of  tunnel  would  conduct  it  to  the  South  Branch  of 
the  Baritan,  at  German  Valley,  to  be  combined  with  a  supply  from 
this  water- shed  for  eastern  and  southern  cities. 

Lake  Hopatoong  has  a  water*shed  of  25.4  square  miles,  lying  high 
in  the  gneissic  Highlands,  the  elevation  of  the  lake  being  926  feet 
^ve  tide.  Its  waters  are  diverted  to  both  the  eastern  and  western 
dopes  of  the  State  to  feed  the  Morris  canal,  consequently  they  could 
^^  readily  be  utilized  for  the  supply  of  eastern  cities,  preferably  by 
Qsiog  them  to  augment  the  supply  from  the  Rockaway  or  the  Baritan 
headwaters.  The  area  of  the  lake  is  2,443  acres.  It  affords  con- 
siderably more  than  double  the  necessary  7  inches  of  storage.  It 
^  therefore  furnish  a  daily  supply  of  16,900,000  gallons.    Forests 

10 
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cover  94  per  oent  of  its  water-shed  and  the  resident  population  is 
nominal.  It  has,  for  some  years,  been  quite  a  popular  summer 
resort. 

Gaugings  of  the  Morris  canal  during  October,  1890,  showed  a 
draught  of  73.5  cubic  feet  per  second,  65  of  which  was  going  east- 
ward and  18.6  westward.  The  westward  flow  into  the  stream  was 
about  36  cubic  feet  per  second.  The  canal  flow  below  Saxton  Falls  was 
36.4  cubic  feet  per  second,  showing  further  draught  from  Stanhope 
and  Cranberry  reservoir,  the  canal  and  river  flows  being  much 
commingled  above  this  point.  At  Washington  the  westward  flow 
was  41.4  cubic  feet  per  second,  showing  that  the  leakage  was  more 
than  made  up  by  further  draughts  from  small  streams. 

Lubber's  run  has  24.1  equare  miles  of  drainage,  87  per  cent,  of 
which  is  forested,  and  only  16  inhabitants  per  square  mile.  With 
7  inches  storage  it  would  afibrd  a  good  supply  of  16,000,000  gallons 
daily,  but  it  can  scarcely  be  of  importance  excepting  as  a  part  of  the 
larger  supply  at  Hackettstown  already  noticed.  The  other  branches 
of  the  Musoonetcong  are  small  and  unimportant. 

Water-power, — As  may  be  seen  in  our  table  of  net  horse-power  by 
water-sheds  and  by  industries,  in  Appendix  I.,  the  Musoonetcong  is 
largely  utilized  for  water-power,  showing  2,042  net  horse-power  in 
use.  At  Finesville,  the  water-shed  being  155.8  square  miles,  the 
available  power  from  the  natural  flow  is  10.75  horse-power  per  foot 
of  fall.  At  Warren  Paper  Mills  it  is  10.45  per  foot  fall.  The 
amount  actually  utilized  at  the  fine  mills  of  the  Warren  Manufactur- 
ing Company  is  from  11  to  18  horse- power  per  foot  of  fall.  Our 
estimate  of  10.45  is  for  continuous  power,  day  and  night.  It  should 
l>e  noted  that  the  succession  of  mill-ponds  up  stream  serve  to  con- 
centrate the  power  into  working  hours,  thereby  making  the  18  horse- 
power per  foot  fall  available  for  12  or  14  hours  per  day.  The  War- 
ren Paper  Mills  have  48  and  27  feet  fall,  respectively.  Of  the  130 
feet  fall  from  Bloomsbury  to  the  mouth  of  the  river  at  Riegelsville, 
126  feet,  or  practically  all,  is  thoroughly  improved  excepting  at 
Jacoby's  mill  seat,  where  9  feet  fall  once  in  use  is  now  idle. 

At  New  Hampton,  we  estimate  the  available  power  at  8.44  horse- 
power per  foot  fall.  This  makes  it  about  9  horse-power  at  Asbury 
and  10  horse-power  at  Bloomsbury  for  24  hours  daily.  The  amount 
improved  is  9.5  at  New  Hampton,  11  at  Asbury  and  18  at  Blooms- 
bury.    This  is  successfully  used  for  12  to  14  hours  daily.     About  40 
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feet  fidl  18  unimproved  between  BIooniBbary  and  Asbory,  good  for 
400  hone-power,  and  conditions  are  favorable  for  its  development 
near  Bloomsbory.  Between  Asbnry  and  New  Hampton,  20  feet  fall 
18  unimproved.  The  valley  is  flatter  here  than  at  the  lower  site  and 
oonditions  less  favorable  for  utilization. 

At  Hackettstown,  we  make  the  available  power  6.16  horse-power 
per  foot  fdl.  About  9  horse- power  per  foot  fall  is  utilized  at 
Stephensburg  and  Hackettstown.  Of  70  feet  fall  between  Stephens- 
bo^  and  New  Hampton,  26  is  improved,  but  the  remainder  is 
flcaroelj  available  for  new  sites,  although  some  of  the  old  ones  might 
have  their  fall  increased  considerably.  Of  100  feet  fall  between 
Stephensburg  and  Hackettstown,  38  is  utib'zed.  Just  above  Stephens- 
barg,  about  30  feet  of  the  remainder  could  be  developed. 

It  will  be  noted  that  the  power  actually  in  use  on  the  Musconet- 
<x)Dg  ranges  doeely  to  1.8  times  our  estimated  available  power,  being 
goierally  concentrated  into  working  hours  by  holding  back  in  the 
mill-ponds. 

WALLKILL. 

This  stream  drains  the  northeastern  portion  of  the  Kittatinny  val- 
ley for  a  distance  of  about  16  miles  from  the  New  York  line,  and 
tbo  a  part  of  the  northwest  margin  of  the  Highlands.  Its  source  is 
io  Sparta  mountain,  about  3  miles  east  of  Andover  and  21  miles 
from  the  point  where  it  leaves  the  State.  The  lower  10  miles  of  its 
oonne  is  through  very  fiat  meadows,  the  head  of  the  great  area  of 
flats  known  as  the  drowned-lands,  in  New  York.  The  water-shed  is 
a  complex  one  and  will  be  best  understood  by  reference  to  the  topo- 
graphical maps  of  the  State.  Above  Franklin  Furnace,  it  is  essen- 
tially a  highland  stream.  This  portion  and  the  various  branches  of 
^  Papakating  have  the  flow  given  in  Table  No.  61,  but  for  the 
lower  part  of  the  stream  Table  No.  52  is  probably  better  adapted, 
^e  flood-flows  are  not  high,  measurements  at  Hamburg  indicating 
<^7 16  cubic  feet  per  second  per  square  mile. 

Water-nupply. — Most  of  the  Wallkill  water-shed  is  badly  adapted 
to  become  a  source  of  public  water-supply.  The  portion  above 
IWiklin  Furnace,  however,  is  unobjectionable.  The  ar€a  of  this  is 
31 .3  square  miles.  It  has  on  it  several  ponds.  Morris  pond  lies  in 
the  Highlands  east  of  Sparta,  has  an  area  of  136  acres  and  a  water- 
cthed  of  1.6  square  miles.    It  was  originally  improved  to  supply 
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power  to  a  forge  at  Sparta  and  is  controlled  for  storage  to  a  depth  of 
10  feet  From  its  own  immediate  water-shed  it  will  sapplj  999,000 
gaUons  daily,  bat  2.4  square  miles  additional  may  easily  be  made 
tributary  to  it  and,  in  fact,  has  already  been  partly  led  into  it.  This 
increases  the  available  supply  to  2,600,000  gaUons  daily.  It  is  now 
proposed  to  use  this  as  a  source  for  a  gravity  supply  to  Newton,  and 
it  promises  to  afford,  in  all  respects,  an  excellent  one.  Loaee  pond 
is  upon  the  Highlands  also,  southeast  of  Franklin  Furnace,  has  an 
area  of  137  acres  and  is  said  to  have  a  maximum  depth  of  10  fe^ 
It  was  built  as  a  reservoir  for  power  at  Franklin  Furnace.  Still 
farther  northeast  on  the  Highland  plateau  are  Sand  and  Mud  ponds^ 
in  Hamburg  mountain.  The  former  was  used  as  a  reservoir  for 
power  at  Hardistonville,  has  an  area  of  32  acres  and  may  be  drawn 
down  about  2  feet.  This  water- shed  above  Franklin  Furnace  would 
furnish,  with  7  inches  storage,  a  supply  of  20,800,000  gallons  daily. 
It  is  inaccessible  to  probable  points  of  demand. 

Water-power. — The  lowest  point  upon  the  main  stream  at  which 
power  can  be  developed  is  at  Hamburg.  The  drainage  area  above 
this  point  is  50  square  miles,  and  we  estimate  the  available  horse- 
power at  3.45  per  foot  &11.  At  the  well- equipped  mill  of  W.  H. 
Ingersoll,  the  amount  improved  is  5  horse-power  per  foot  fall.  There 
is  sufficient  pondage  above  to  make  this  amount  available  during 
working  hours.  At  the  paper  mill,  there  is  a  site  with  24  feet  fall 
not  at  present  in  use,  where  the  improved  power  is  3.25  horse-power 
per  foot  fall.  Our  estimate  would  make  83  horse-power  available 
here  for  24  hours  per  day.  There  is  also  an  old  forge  site  not  in  use 
which  is  Eaid  to  have  about  15  feet  fall  and  for  which  we  estimate  51 
horse-power  available.  At  Frauklin  Furnace,  we  make  the  available 
power  2.16  horse-power  per  foot  fall.  Between  this  point  and  Ham- 
burg 60  feet  of  fall  is  unimproved. 

On  PapakatiDg  creek  there  is  no  fall  available  until  the  water-shed 
becomes  too  small  to  develop  any  considerable  amount  of  power. 
Most  of  the  branches  are  of  little  importance,  but  Clove  river  assumes 
considerable  importance  as  a  power-stream,  because  of  its  being  in  a 
r^ion  otherwise  quite  bare  of  water-power.  It  rises  in  Kittatinny 
mountain,  and  on  one  of  its  headwaters,  Sand  pond,  at  an  elevation 
of  1,302  feet,  has  been  improved  as  a  reservoir  for  the  mills  below. 
Its  area  is  65  acres,  and  it  may  be  drawn  down  8.5  feet.  It  has  a 
drainage  area  of  0.7  square  mile.    Measurements  of  flood-flow  from 
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leported  high* water  marks  give  67  cubic  feet  per  second,  which  is  at 
(be  rate  of  96  oobio  feet  per  second  per  square  mile.  Clove  river  is 
ttid  to  become  very  muddy  in  floods,  and  it  undoubtedly  has  a  very 
Imvy  flood-flow,  although  we  have  no  gaugings.  The  area  drained 
<bo?e  Deckertown  is  20  square  miles,  and  we  estimate  the  available 
hone-power  at  1.38  per  foot  fall.  Mill-owners  here  claim  that  they 
can  always  obtain  power  at  the  rate  of  .03  horse-power  per  foot  fall 
per  square  mile.  The  power  improved  ranges  from  2.6  to  3  horse- 
power per  foot  fall.  In  all,  269  horse-power  is  in  use  in  the  Clove. 
The  other  branches  of  the  Wallkill  in  New  Jersey  are  mostly  of 
ttnall  importance.  Wawayanda  lake,  on  one  of  the  tributaries  of 
Podiack  creek,  lies  at  an  elevation  of  1,162  feet  in  the  Highlands. 
It  is  now  part  of  a  sportsman's  preserve.  Its  area  is  240  acres,  and 
it  reoeives  the  drainage  from  6.6  square  miles.  This  is  one  of  the 
iieqaent  examples  of  high  development  of  a  small  water-shed  for  use 
in  iron  manufacturing.  At  the  outlet  there  is  a  stone  dam  226  feet 
loBg,  13  feet  high  and  24  feet  thick  at  the  top.  The  lake  may  be 
diawn  down  to  a  depth  of  8  feet,  affording  about  3.6  inches  storage 
upon  its  water-shed.  On  the  outlet  there  was  formerly  a  saw-mill, 
and  a  charcoal  blast  furnace  said  to  have  been  built  in  1846,  and 
pordbased  in  1867  by  the  Thomas  Iron  Company.  In  this  year  it 
wu  blown  out,  and  has  not  since  been  in  blast.  The  saw-mill  had 
18  feet  fidl,  and  the  furnace  36  feet  fall.  With  the  storage  afforded 
hf  the  lake,  a  flow  of  1.26  inches  monthly  could  be  maintained 
tbonghout  an  ordinary  dry  year,  making  the  power  .78  horse-power 
per  foot  fall  for  24  hours  daily,  giving  14  horse-power  at  the  saw- 
ntQl,  and  27.3  horse-power  at  the  furnace.  As  this  could  be  con- 
<^trated  into  working  hours,  they,  of  course,  become  28  and  64 
luxree-power  respectively.  The  pondage  was  further  increased  by  a 
luge  saw-mill  pond,  1.6  miles  up  stream,  the  dam  of  which  is  said  to 
luive  broken  out  about  36  years  ago.  As  the  outlet  of  the  lake  has  a 
^  of  460  feet  within  a  distance  of  1.6  miles  above  where  it  crosses 
the  State  line,  it  will  be  seen  that  it  would  be  possible  to  develop  a 
luge  amount  of  power,  upward  of  300  horse-power  continuous,  at  a 
point  convenient  to  stations  on  the  Lehigh  and  Hudson  River  railroad, 
fiach  a  power,  although  on  a  small  water-shed,  would  be  more  reliable 
than  many  powers  of  equal  amount  on  much  larger  streams  with  a 
less  amount  of  fall. 
Wawayanda  lake,  with  its  present  storage,  will  afford  a  continuous 
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supply  of  2^769,000  gallons  daily  of  water  which  should  be  pure  and 
wholesome.    It  is  remote  from  probable  demand  at  present. 

Decker  pond  is  on  a  small  branch  of  the  Wallkill|  in  Pochnok 
mountain.  It  has  an  area  of  76  acres,  and  may  be  drawn  down  4 
feet,  haying  been  used  for  mill-power  on  its  outlet.  Roe,  or  Car- 
penter's pond  is  also  on  Pochuck  mountain,  has  an  area  of  23  acres,, 
and  may  be  drawn  down  2  feet  It  affords  storage  for  the  mill  at 
Glenwood. 

The  remaining  streams  of  the  Highlands  are  tributaries  of  the 
Passaic  and  Baritan,  and  we  shall  defer  their  consideration  until  we 
take  up  these  water-sheds^  as  it  will  be  more  convenient  to  have  them 
appear  in  connection  with  their  respective  drainage  systems.  Like 
the  other  streams  of  their  class^  however,  their  flow  is  that  shown  in 
Tables  Nos.  61  and  62. 

PASSAIC  RIVER. 

The  best  understanding  of  this  water  shed  may  be  had  by  reference 
to  the  map  of  the  State  accompanying  this  report,  or,  still  better,  U> 
the  larger  topographical  atlas. 

The  Passaic  is  our  most  valuable  stream  from  every  point  of  view. 
By  a  fortunate  coincidence,  its  headwaters  afford  our  very  beet  gath- 
ering-grounds for  public  water-supply,  and  at  the  same  time  are  the 
most  accessible  to  the  points  of  greatest  demand. 

The  head  of  tide-water  is  at  Passaic,  13.6  miles  above  the  mouthy 
on  Newark  bay.  At  the  foot  of  Dundee  dam,  4  miles  above,  the 
stream  is  6  feet  above  mean  tide.  Just  above  the  head  of  tide.  Sad- 
dle river  comes  in  from  the  northern  red  sandstone  plain,  rising  in 
Rockland  county.  New  York,  and  draining  60.7  square  miles,  of 
which  28  per  cent,  is  in  forest.  Dundee  dam  raises  the  river  to  27 
feet  elevation,  and  at  the  fool  of  Passaic  fallf,  7.25  miles  above,  it  is 
40  feet  above  mean  tide.  Excepting  Saddle  river,  only  a  few  small 
branches  are  received  below  this  point.  At  the  falls  the  river  leaps 
sheer  70  feet  over  a  reef  of  trap  rock,  at  a  depression  in  First  moun- 
tain. From  the  top  of  this  fall  to  the  foot  of  the  series  of  falls  and 
rapids  known  as  Little  Falls,  the  rise  is  8  feet.  Here  there  is  a  fall 
of  40  feet  in  three-quarters  of  a  mile,  over  another  trap  reef.  This  is 
the  outlet  of  the  Passaic  valley  proper,  a  flat-bottomed  valley  between 
the  First  and  Second  mountains  and  the  southeastern  foot  of  the 
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Highlands,  8  to  12  miles  wide  and  32  miles  long.  This  valley  is 
oovered  with  masses  of  glacial  drift  at  various  points,  and  has  large 
areas  of  flat  meadow.  Three  miles  above  Little  Falls,  and  at  about 
the  same  elevation  with  the  head  of  the  falls,  the  slope  of  the  stream 
being  very  gentle,  the  Pompton  river  comes  in  from  the  north,  being 
formed,  as  we  have  already  seen  in  the  study  of  those  streams,  by 
the  oonflnence  of  the  Ramapo,  Wanaque  and  Pequannock  at  Pomp- 
ton,  6  miles  above  the  confluence  with  the  Passaic.  In  these  6  miles 
the  Pompton  has  a  total  fall  of  10  feet. 

Just  above,  on  the  main  stream,  lie  the  Great  Piece  meadows, 
through  which  the  Passaic  flows  in  a  tortuous  channel,  spreading  its 
waters,  in  time  of  flood,  wide  over  the  area,  to  staud  for  days  and 
weeks  nntil  they  can  find  an  outlet  at  Little  Falls,  through  the  restricted 
passageway  which  is  now  being  deepened  and  improved  for  the  better 
drainage  of  this  valley  From  the  mouth  of  the  Pompton  to  where 
the  Eockaway  and  Whippany  are  received  from  the  west,  12.5  miles 
above,  the  fall  is  only  3  feet.  The  Whippany  also  has  great  meadows 
JQst  above  its  mouth,  over  which  its  waters  spread  in  floods.  For  9 
miles  above  the  mouth  of  the  Rockaway  the  Passaic  has  a  fall  of  4 
feet ;  5.5  miles  above  Lower  Chatham  bridge  has  a  fall  of  36  feet ; 
about  6.5  feet  per  mile.  Above  this  the  stream  has  a  drainage  area 
of  100  square  miles,  most  of  which  is  very  flat,  although  the  head- 
waters are  in  the  Highlands  at  Meudham,  23.5  miles  above  Chatham, 
by  the  stream.  The  total  length  of  the  stream  which  bears  the  name 
Passaic,  from  Mendham  to  the  mouth,  is  83.5  miles,  measured  by  the 
stream.     From  source  to  mouth,  in  a  direct  line,  is  only  26  miles. 

The  area  of  the  entire  water-shed  is  949.1  square  miles;  of  this, 
510  square  miles  is  on  the  Archean  Highlands ;  the  remaining  262 
square  miles  above  Little  Falls  is  in  the  Central  Passaic  valley,  on 
the  red  sandstone,  and  the  rest  of  the  water-shed  on  the  trap  ridges 
and  the  lower  eastern  red  sandstone  plain. 

We  have,  by  the  courtesy  of  several  users  of  water-power,  been 
lUe  to  obtain  measurements  of  flow  covering  a  period  of  17  years 
tod  a  very  wide  range  of  rainfall  conditions,  from  70.88  to  37.03 
inoheB  annually.  These  gaugings  were  at  Little  Falls  and  points 
.bdow  and  have  been  carefully  reduced,  compared  and  adjusted,  two 
series  being  for  several  years  contemporaneous.  The  results  we  have 
twh,  oonfidence  in.    They  are  consistent  and  bear  the  test  of  dose 
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analysis  as  well  as  any  series  of  gangings  we  have.  They  have  already 
been  printed  in  the  collection  of  long- series  gaugings,  on  which  we 
base  oar  formulae  of  flow : 
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The  flow  was  above  3.65  cubic  feet  per  second  per  square  mile  an 
average  of  47  days  yearly;  above  4.86  cubic  feet  29  days  yearly; 
above  9.72  cubic  feet  4.3  days  yearly,  and  above  14.6  cubic  feet  per 
second  per  square  mile  only  8  days  in  the  whole  period.  This  table 
makes  it  appear  that  our  estimated  available  power,  as  we  compute  it, 
is  really  available  au  average  of  9  months  in  the  year. 
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FLOOM  ON   THE   PASSAIC  AT  DUNDEE   DURING   SEVENTEEN  YEARS,  IN  THE  ORDER 

OF  MAXIMUM  FLOW. 

Area  of  water-shed,  822.7  square  miles. 


Maximum  flow,  cubic 
feet  per  second. 
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8,019 

66  hours. 
60      " 
60      " 

68  " 
60      " 

69  " 
72      " 
72      •* 
66      •' 
60      " 

55  " 
48      " 

120      " 
72      " 
48      " 

56  " 
66      " 

8  days. 
8    *• 
8    " 
8    " 

8  •' 

9  " 
8    " 
8    " 

8  " 

9  *' 
8    *' 

7  " 
10    '' 

8  " 
8    " 
6    " 
8     " 

7,101 
6,878 
5,729 
5.295 
4,902 
6,590 
5,285 
5,532 
5.020 
5,594 
4,850 
4,106 
5,418 
4,756 
4,432 
3,578 
4,508 

3.71 
3.47 
3.00 

January  3d.  1888 

2.77 

January  24th,  1891 

2.56 

M^rrh  14tb  1893 

3.56 

May  6th,  1893 

2.77 

8q>tember  2l8t,  1888 

April  29th,  1889 

2.89 
2.63 

March  29th,  1877 

2.93 

April  8th,  1886 

2.54 

¥arch3d,  1882 

Noyember  10th,  1877 

Noyember  29tb,  1889 

M^r^h  9iM  1R«8 

2.15 
2.84 
2.49 
2.32 

December  19th,  1888 

Aoirust  3d,  1889.« 

1.87 
2.36 

April  8th,  1888 

F^miry  20th,  1884 

54      "          8    " 

**"3,7*89"* 

February  24th.  1878 

1.98 

September  19th,  1889 

January  14th,  1891 

January  13th,  1893 

72      " 
66      " 

9    •* 
7     " 

5,443 
3,836 

2.85 

April  20th.  1879 

2.01 

March  12th,  1881 

Of  the  above  floods  those  which  lasted  more  than  eight  days  were 
complicated  by  two  or  more  storms.  The  others  are  the  result  of  a 
fibgle  heavy  storm.  The  end  of  the  flood  was  taken  to  be  the  sub- 
sidence of  the  stream  within  its  banks,  corresponding  to  a  flow  of 
aboat  4,000  cubic  feet  per  second.  The  total  volume  of  flow  in  cubic 
feet  is  about  6  per  cent,  less  than  above  at  Little  Falls.  The  maxi- 
mum flow  is  no  less.  In  the  great  flood  of  1882  it  appears  to  have 
been  19,060  cubic  feet  per  second,  or  somewhat  greater  than  above. 

A  study  of  flood-flows  of  other  streams  of  the  same  size  shows  the 
effect  of  the  great  reservoirs  of  flat  land  in  the  central  valley,  and  the 
throttling  down  of  these  Passaic  floods  by  the  restricted  outlet  at 
Little  Falls,    The  Baritan  in  the  great  flood  of  1882  reached  a  mazi- 
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mam  of  52,000  cabic  feet  per  seoond  in  about  24  hoarSi  and  in  64 
hours,  or  before  the  Passaic  had  reached  its  mazimnm,  it  had  dis- 
charged the  whole  flood,  whereas  the  Passaic  required  8  days  for 
such  discharge.  The  area  of  water-shed  above  the  dam  below  Bound 
Brook,  where  these  Raritan  gaugings  were  made,  is  879  square  miles 
against  822  Equare  miles  for  the  Passaic  at  Dundee.  Gkugings  of  the 
headwaters  of  the  Passaic  show  that  they  too  discharged  their  full 
flood-flow  into  the  central  valley  in  64  hours.  After  this  time  they 
continued  to  flow  about  bank  full,  or  a  little  less,  and  their  discharge 
into  the  central  valley  from  this  time  until  the  Passaic  flood  was  over 
at  Dundee,  I  estimate  to  have  been  at  above  3,000  cubic  feet  per  second 
for  8  days,  less  64  hours  flood,  less  1  day  required  for  their  water  to 
reach  Dundee.  They  consequently  added  to  the  Passaic  flow  at 
Dundee,  by  their  ordinary  flow  during  the  subsidence  of  the  main 
stream,  1,123  million  cubic  feet,  or  0.58  inches  on  the  water-shed. 
Deducting  this  from  the  3.71  inches  above  given  leaves  3.13  inchea 
on  the  water-shed  as  the  actual  flood- flow  of  the  Passaic.  The  total 
flood- flow  of  the  Raritan  discharged  in  64  hours  equaled  3.36  inchea 
upon  the  water- shed.  This  shows  us  that,  while  the  maximum  flow 
and  the  time  of  delivery  varied  greatly,  the  total  flow  was  about  the 
same. 

The  flood  of  1882  was  probably  the  highest  of  this  century,  con- 
sequently more  flood- marks  are  preserved,  and  a  better  recollection 
prevails  of  this  than  of  other  floods.  By  inquiry  and  comparison  of 
data  of  other  floods  which  I  have  obtained,  I  have  been  able  to  con- 
struct a  fairly-accurate  history  of  this  flood.  The  waters  began  to 
rise  at  Dundee  and  Little  Falls  in  the  afternoon  of  the  22d,  and  rose 
steadily  for  33  hours,  when  they  reached  16,049  cubic  feet  per  second. 
They  then  fell  off  for  about  10  hours  to  13,000  cubic  feet  per  second, 
and  then  rose  until  they  reached  a  maximum,  66  hours  after  the 
b^inning  of  the  rise,  of  18,265  cubic  feet  per  second  at  Dundee  and 
19,100  cubic  feet  at  Little  Falls.  The  upper  branches  appear  to  have 
discharged  their  flood-waters  into  the  central  valley  within  72  hours, 
and  to  have  subsided  within  their  banks.  They  reached  their  maxi- 
mum discharge  in  from  20  to  40  hours  after  the  b^inning  of  the 
rise  on  the  Passaic.  In  the  following  tables  the  maximum  flows  are 
obtained  from  well-defined  flood- marks  at  dams.  The  total  discharge 
is  estimated  to  be  3.13  inches  on  the  shed,  as  already  determined. 
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DIAGRAM  OF  PASSAIC  FLOODS. 

Fuir  Lme-Htighr  U  DundM.  Broken  Line- Heighrar  Little F&lts. 
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FLOOD  DISCHARGE  nTTO  CENTRAL  PASSAIC  VALLEY. 

September,  1882.    Time,  72  hours  from  rise. 

Mazlmam  Flow,  Cable   Total  Discharge. 
Stream.  Area. 

Bamapo 160 

Wanaque 101 

Pequamiock 85 

Pompton 34 

Bockawaj 118 

Whippany 25 

Upper  Passaic. 100 

Central  Valley 150 


Feet  per  Second. 

Cubic  Feet. 

10,540 

1,163,000,000 

6,666 

734,000,000 

4,460 

618,000,000 

247,000,000 

4,800 

858,000,000 

182,000,000 

727,000,000 

1,091,000,000 

6,620,000,000 

Totals 773 

The  Pompton  reached  its  mazimnm  flow  at  Two  Bridges  in  30 
honrs,  and  I  estimate  that  this  was  about  16,000  cubic  feet  per  second. 
The  Bamapo  maximum  was  reached  in  24  hours,  and  the  Wanaque 
at  about  the  same  time,  the  Pequannock  being  somewhat  earlier.  The 
Passaic  discharged  in  72  hours  at  Little  Falls  2,672,000,000  cubic 
feet,  so  that  there  must  have  accumulated  in  the  flats  3,048,000,000 
cubic  feet.  The  rise  at  Two  Bridges  was  14.6  feet  above  the  level  of 
the  dam.  If  we  consider  the  flood-lake  above  this  point  level,  it 
would  have  a  capacity  of  2,294,000,000  cubic  feet.  On  the  other 
hand,  if  we  join  all  the  high- water  marks  in  the  valley,  we  shall  have  a 
sloping  sur&ce  and  a  capacity  of  4,000,000,000  cubic  feet.  Neither 
of  these  gives  the  actual  volume  of  accumulated  waters,  since  highest 
water  did  not  occur  at  all  points  simultaneously.  The  true  amount 
was  somewhere  between  the  two,  and  undoubtedly  not  far  from  what 
we  determined  above,  or  3,048,000,000  cubic  feet.  This  accumulation 
was  discharged  during  the  remaining  five  days  of  the  flood.  The  first 
maximum  of  the  flood  at  Dundee  was  undoubtedly  from  the  Pompton. 
Somewhat  before  the  Rockaway  at  Boonton  or  the  Upper  Passaic  at 
Chatham  had  reached  their  maximum  discharge,  the  Pompton  reached 
its  maximum  at  Two  Bridges.  This  maximum  cannot  be  delivered 
by  the  Passaic  until  it  has  reached  a  height  of  13  feet  at  Two  Bridges^ 
consequently  the  Great  Piece  must  be  filled  up  to  this  level.  The 
waters  of  the  Pompton  rushed  back  up  the  Passaic  toward  Pine 
Brook  to  restore  the  equilibrium,  and  when  this  was  accomplished 
the  Passaic  at  Little  Falls  reached  its  first  maximum.  It  then  began 
to  fall  slightly  until  the  settling  down  of  the  waters  from  the  upper 
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meadows  raised  the  head  at  Two  Bridges,  and  conseqaeni  disobarge  at 
Little  Falls  to  its  mazimaniy  some  33  hoars  after  the  first  rash  from 
the  Pompton  had  calminated.  The  flow  then  steadily  receded  for  5 
days  until  the  aocumalated  waters  had  been  withdrawn  off  the  flats. 
A  diagram  of  this  and  other  high  floods  is  shown  in  Plate  YII. 

Dry^seoBon  flow. — The  lowest  monthly  flow  shown  by  cor  reoord  is 
in  October,  ISSl,  amounting  to  0.22  inch  on  the  water-shed. 

On  October  lOth,  1 878,  Messrs.  Croes  and  Howell  gauged  the  flow 
at  Paterson  during  a  very  low  stage  of  the  river.  They  found  it  to 
be  195  cubic  feet  per  second,  and  remark  that  it  did  not  vary  appre- 
ciably from  this  for  ten  or  twelve  days.  (Newark  Aqueduct  Boards 
Report  on  Additional  Water-Supply,  1879,  J.  J.  B.  Croes  and  George 
W.  Howell,  page  36.)  This  is  at  the  rate  of  0.28  inch  on  the  water- 
ahed  for  the  month. 

In  September,  1883,  Mr.  Lebbeus  B.  Ward  found  the  flow  at  Pat- 
erson to  be  at  the  rate  of  150  cubic  feet  per  second,  which  is  at  the 
rate  of  0.21  inch  per  month. 

The  last  appears  to  be  the  very  lowest  point  reached  by  the  stream 
under  natural  conditions  for  so  long  as  three  consecutive  weeks. 

In  September,  1894,  our  observations  show  a  minimum  flow  at 
Dundee  for  about  a  fortnight  at  the  average  rate  of  138  cubic  feet  per 
second.  About  8  per  cent,  of  the  flow  had  at  this  time  been  diverted 
for  the  supply  of  the  city  of  Newark,  consequently  this  gives  the 
same  rate  as  that  observed  by  Mr.  Ward  in  1883,  which  may  be 
r^arded  as  the  minimum  flow  under  natural  conditions.  It  is  at  the 
rate  of  0.19  cubic  foot  per  second  per  square  mile  of  water-shed. 

Table  No.  63  has  been  computed  to  show  the  flow  of  the  Passaic 
for  typical  years. 
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It  will  be  noticed  that  we  estimate  a  smaller  amount  flowing  off 
from  the  Passaio  water-shed  than  from  the  Highland  streams.  The 
rainfall  is  about  1  inch  greater  in  an  average  year,  and  about  0.8  of 
an  inch  greater  in  an  ordinary  dry  year  than  upon  the  Highland  and 
Kittatinny  valley  region.  The  flow  from  ground-water  for  a  given 
depletion  is  also  greater,  as  will  be  seen  by  reference  to  the  diagrams 
of  ground- flow.  Both  of  these  are  ofiset,  however,  by  the  increased 
evaporation,  which  we  take  to  be  11.5  per  cent  over  that  of  the  High- 
land and  Kittatinny  region.  The  average  elevation  of  the  Highlands 
is  about  700  feet  greater  than  that  of  the  Central  Passaic  valley  and 
northern  red  sandstone  plain.  This  difierence  of  elevation  would  be 
equal  to  over  2  degrees  difierence  in  mean  temperature,  allowing  300 
feet  elevation  to  1  degree  decrease  in  the  temperature.  We  are  of  the 
opinion  that  our  estimation  of  an  extremely  dry  period,  as  dry  as  that 
shown  by  the  Philadelphia  record,  is  a  little  too  severe  for  a  water- 
shed of  800  square  miles  in  extent.  Such  extreme  droughts  do  not 
seem  to  extend  over  so  large  an  area,  and  it  will  be  noticed  by  refers 
ence  to  the  table  of  gangings  of  the  Passaic  that  the  rainfall  and  flow 
were  very  considerably  larger  during  1881  and  1882  than  the  above 
estimate  shows.  Our  assumed  driest  period  is  not  too  severe,  how- 
ever, for  smaller  portions  of  the  water-shed.  If  it  errs  when  applied 
to  the  main  stream,  the  error  will  be  on  the  safe  side,  and  no  great 
harm  can  result.  It  may  be  remarked  that  so  severe  a  dry  period  as 
this  will  be  modified  during  December  and  the  later  winter  months 
by  the  freezing  up  of  the  ground,  and  the  flowing  over  the  surface  of  a 
portion  of  the  rainfall  to  the  stream.  The  ground  will,  consequently, 
not  be  entirely  filled  with  water  until  a  thaw  occurs,  but  then  replen- 
ishment must  take  place  and  the  flow  will  be  decreased.  It  will  be 
found  that  the  actual  flow  during  November  and  the  winter  months 
will  not  usually  be  less  than  one-half  an  inch  upon  the  water- shed  in 
a  climate  as  cold  as  that  of  the  Passaic.  There  is  no  way  to  compute 
the  efiect  of  freezing,  however,  and  if  any  allowance  is  made  for  it,  it 
must  be  a  matter  of  good  judgment.  We  believe  that  it  will  be  safe 
to  depend  upon  a  total  annual  yield  of  14  inches  from  this  water-shed, 
but  it  should  be  remembered  that  it  is  extremely  probable  that  this 
will  result  in  long  periods  of  low  reservoirs.  It  is  apparent  from  the 
table  that  a  reduction  to  12  inches  per  annum  will  not  sensibly  di- 
minish the  length  of  this  period  of  low  reservoirs.  To  utilize  12 
inches  we  shall  need  5.85  inches  of  storage. 
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Waier'9upply. — It  will  be  seen  from  our  table  of  public  water- 
eopply  BjetemB  of  the  State,  in  a  later  chapter,  that  the  Passaic  now 
famisheB  ft  large  amount  of  water  to  our  cities.  Jersey  City  pumps 
over  229000,000  gallons  daily  from  the  river  at  Belleville,  but  our 
later  remarks  upon  the  subject  of  river  pollution  show  why  no  part 
of  the  liver  below  the  falls  at  Paterson  can  be  seriously  considered  for 
purposes  of  water-supply.  The  next  point  up  stream  where  water  is 
drawn  for  city  use  is  above  the  falls  at  Paterson.  Paterson  and  Pas- 
eaic  are  supplied  from  this  point  by  pumping.  The  drainage  area 
above  the  falls  is  797  square  miles.  The  river  will  supply  at  this 
point,  without  storage,  87,669,856  gallons  daily.  It  must  be  noted 
that  8  per  cent,  of  the  area  above  the  falls  has  already  been  diverted 
to  supply  the  city  of  Newark,  and  another  considerable  area  is  likely 
to  be  shortly  set  apart  to  supply  Jersey  City.  The  available  supply 
at  the  falls  will  be  correspondingly  decreased.  Our  estimate  above  is 
for  the  total  natural  flow  of  the  stream.  The  agricultural  character 
of  the  central  valley,  and  its  large  and  increasing  population  forbid 
that  we  should  consider  this  supply  at  the  falls  as  altogether  desirable 
for  the  future,  although  at  present  it  is  all  that  can  be  desired. 
Above  Little  Falls  the  river  receives  the  drainage  of  773  square 
miles,  and  will  supply,  without  storage,  84,661,632  gallons  daily. 
With  7.5  inches  storage  upon  the  water-shed,  515,000,000  gallons 
daily  will  be  available.  The  elevation  of  the  river  at  this  point  is 
159  feet.  Our  remarks  as  to  the  desirability  of  the  supply  at  Pater- 
son apply  equally  well  to  this. 

Pompton  river,  at  Two  Bridges,  affords  the  most  desirable  supply 
obtainable  at  any  point  below  the  Highlands.  The  drainage  area  is 
379.9  square  miles.  This  is  largely  a  Highland  water- shed,  but 
Table  No.  53  will  best  apply.  We  estimate  the  minimum  flow  to  be 
at.  the  rate  of  0.15  of  a  cubic  foot  per  second  per  square  mile,  so  that 
36,837,504  gallons  daily  may  be  had  here  without  storage,  the  eleva- 
tion being  170  feet.  To  utilize  14  inches  annually  from  this  water- 
shed there  should  be  storage  equal  to  7.25  inches,  and  the  resulting 
supply  would  be  253,000,000  gallons  daily. 

This  storage  may  be  obtained  by  means  of  a  dam  at  Mountain 
View,  2,200  feet  long  and  57  feet  high,  for  which  nature  has  pro- 
vided an  excellent  site.  Such  a  dam  will  flood  Pompton  Plains,  in- 
vading an  area  of  18.07  square  miles,  to  an  elevation  of  220  feet, 
and  a  draft  of  ten  feet  upon  this  reservoir  will  afford  the  necessary 
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storage.  While  this  appears  to  be  a  work  of  anneoessarily  large 
magnitude  at  first  sight,  it  has  many  ezoellent  points,  and  for  the  fnll 
utilization  of  the  available  gathering-grounds  of  the  Passaio  water- 
shed it  has  no  equal.  It  is,  in  fact,  the  only  way  in  whioh  the  waters 
of  the  Wanaque  and  Ramapo  can  be  collected  by  works  entirely  oon- 
fined  to  the  Stale  of  New  Jersey.  It  would  be  possible  to  ultimately 
add  to  the  area  tributary  to  this  reservoir  the  water-shed  of  the 
Rockaway,  above  Boon  ton,  118  square  miles  in  extent,  which  would 
make  the  total  available  supply  332,000,000  gallons  daily,  all  col- 
lected in  one  reservoir,  which  would,  from  its  magnitude,  partake  of 
the  character  of  a  natural  lake,  and  which  will  be  more  easily 
guarded  from  pollution  than  a  large  number  of  reservoirs  such  as 
would  otherwise  be  necessary  to  accomplish  the  same  result. 

The  upper  Passaic,  above  Two  Bridges,  is  not  a  desirable  stream  as 
a  source  of  water-supply.  Too  large  a  proportion  of  its  area  lies 
upon  the  flat  central  valley.  There  are  large  areas  of  wet  land,  and 
the  stream  becomes  quite  muddy  at  times,  and  a  general  examination 
of  the  gathering-grounds  would  result  in  its  condemnation,  although 
the  analyses  which  we  have  indicate  a  fairly  good  water  at  present 
Of  course  these  remarks  do  not  apply  at  all  to  the  Rockaway  and 
other  Highland  branches.  Upon  this  part  of  the  stream  floods  rise 
slowly,  cover  a  very  large  area  of  flats,  and  remain  high  seven  or 
eight  days. 

The  Passaic,  above  Chatham,  drains  99.8  square  miles.  Table  No. 
53  applies  to  the  flow  of  this  water- shed.  The  water  is  muddy  and 
inferior  in  quality,  and  the  opportunities  for  storage  for  water-supply 
purposes  are  not  at  all  good.  Floods  rise  more  slowly  than  upon  the 
other  branches  of  the  Passaic,  and  remain  high  three  or  four  days. 
The  maximum  flow  probably  does  not  exceed  40  cubic  feet  per  second 
per  Equare  mile.  From  the  dry-season  run  of  mill-wheels  at  Chatham 
we  estimate  the  minimum  flow  to  be  0.14  of  a  cubic  foot  per  second 
per  square  mile.  At  Millington  we  find  in  the  same  way  0.13  of  a 
second  per  square  mile.  These  figures  agree  closely  with  minimum 
gaugings  on  the  Ramapo  and  Pequannock.  At  Chatham  8,724^672 
gallons  daily  may  be  obtained  without  storage.  With  7.5  inches 
storage,  66,500,000  gallons  daily  may  be  obtained.  The  elevation  is 
200  feet.  Above  Franklin,  which  is  at  the  crossing  of  the  Morris- 
town  and  Bemardville  highway,  the  upper  Passaic  becomes  purely  a 
Highland  stream,  to  which  Table  No.  51  applies.    It  is  an  excellent 
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gatheriDg-groandy  bat  drains  only  9.2  square  miles.  The  elevation 
is  270  feety  or  ooold  be  made  320  feet  with  little  loss  of  area.  The 
supply,  with  storage  amounting  to  1,119,000^000  gallons,  will  be 
6,100,000  gallons  daily. 

The  most  desirable  water-supply  streams  of  the  Passaic  water- shed 
are  the  Bamapo,  Wanaque,  Pequannock  and  Bookaway,  whioh  we 
will  oonsider  by  themselves  a  little  later. 

TF(tf«r-potMr. — The  fact  mast  not  be  lost  sight  of,  in  considering 
the  Passaic  as  a  water-supply  stream,  that  the  diversion  of  the  High- 
land branches  for  the  supply  of  the  northeastern  cities  of  the  State  has 
already  been  begun,  and  is  likely  to  continue  until  all  have  been  ap- 
propriated. When  this  is  accomplished,  the  available  power  of  the 
lower  stream  will  be  reduced  to  three-eighths  of  our  estimate,  which 
is,  of  course,  for  the  total  natural  flow.  If  this  diversion  is  not  made 
good  by  storage  upon  the  lower  portions  of  the  Passaic,  the  stream 
will  rapidly  lose  its  prominence  as  a  source  of  water-power.  These 
Gm^,  however,  do  not  make  it  any  the  less  important  that  we  should 
bave  a  correct  estimate  of  the  available  power  of  the  stream.  From 
Little  Falls  to  tide  the  total  fall  is  159  feet,  and  of  this,  102  feet  in 
improved.  Practically  the  only  available  fall  unimproved  is  some  25 
feet  at  Little  Falls. 

The  Dundee  Water  Power  and  Land  Company  has  developed  a 
faurge  water-power  just  above  the  head  of  tide  at  Dundee.  Their  dam 
is  a  substantial  stone  structure  460  feet  long,  and  the  raceway  itv 
nearly  two  miles  in  length.  The  pond  has  an  area  of  224  acres,  and 
retains  the  entire  flow  of  the  stream  during  dry  seasons,  so  as  to  con- 
centrate it  into  working  hours.  The  fall  varies  with  the  state  of  the 
tide  from  20  to  24  feet,  the  average  being  about  22  feet.  Power  is 
leased  to  the  mill-owner  by  the  mill-power,  defined  to  be  8.6  cubic 
feet  per  second  during  12  hours  in  the  day,  the  price  of  a  mill-power 
being  stated  to  be  $700  per  annum,  or  about  $33.33  per  gross  horse- 
power. From  a  return  made  in  1890,  seven  establishments  were 
renting  power,  and  the  aggregate  amounted  to  1,764  gross  horse- 
power. Table  No.  63  makes  the  power  available  for  9  months  of  an 
ordinary  dry  year  36.18  horse-power  per  foot  fall.  According  to  the 
above,  80  horse-power  per  foot  fall  is  improved  and  used  during  10 
boors  daUy,  our  previous  figures  being,  of  course,  for  continuous 

power. 

11 
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The  next  power  above  is  at  Passaic  falls^  and  was  developed  by  the 
Society  for  the  Establishment  of  Usefal  Manafactares,  chartered  in 
1791.  This  is  one  of  the  earliest  of  the  large  water-powers  of  the 
United  States.  The  dam  is  of  stone  above  the  head  of  the  fallsi  and 
affords  safficient  pondage  to  concentrate  the  entire  dry-season  flow 
into  working  hoars.  The  water  is  taken  off  by  a  raceway,  and  is  used 
on  3  falls  of  22  feet  each,  as  shown  in  the  accompanying  plan. 
Water-power  is  leased  at  the  rate  of  $760  per  sqaare  foot  under  a 
head  of  3  feet.  This  amounts  to  about  8.6  cubic  feet  per  second,  and 
21.26  gross  horse-power  on  a  fall  of  22  feet,  making  the  price  per 
gross  horse-power  about  $36  per  annum.  This  is  for  12  hours  daily, 
and  during  the  dry  season  the  water  is  shut  off  from  the  mills  at 
night.  This  price  does  not  include  any  guarantee  that  the  water  will 
be  available  at  all  times.  It  will  be  noted  that  the  2,360  horse-power 
leased  amounts  to  36.6  horse-power  per  foot  fall.  By  our  table,  35.07 
horse-power  per  foot  fall  will  be  available  for  continuous  power.  The 
lowest  flow  of  the  stream  is  less  than  17  horse-power  per  foot  fall,  so 
that  it  will  be  seen  that  at  times  there  is  a  shortage,  and  most  of  the 
mills  are  provided  with  steam.  This  power  has  been  largely  instru- 
mental in  building  up  the  city  of  Paterson. 

At  Little  Falls  we  estimate  the  available  horse-power  at  34.01  per 
foot  fall.  We  find  31.6  horse-power  improved.  Only  14  feet  £dl  is 
in  use  here,  whereas  the  total  fall  amounts  to  about  40  feet.  Our 
estimate  on  the  total  fall  gives  1,360  available  horse-power.  Pondage 
enough  to  hold  back  the  extreme  dry-season  flow  would  make  this 
always  available  during  working  hours.  Above  this  point  there  is 
very  little  fall  to  the  stream  until  we  reach  Chatham.  At  this  point 
we  estimate  4.4  horse-power  per  foot  fall  to  be  available.  We  find 
from  6  to  10  horse-power  per  foot  fall  improved,  this  amount  being 
secured  by  pondage  so  as  to  be  available  during  working  hours  for 
nine  months  of  the  ordinary  dry  year. 

Minor  branches. — The  smaller  branches  of  the  main  Passaic  are 
largely  utilized  for  power.  Second  river  drains  17.2  square  mUes, 
the  water-shed  being  very  populous.  The  improved  power  ranges 
from  2  to  10  horse- power  per  foot  fall.  We  find  that  at  Belleville 
0.76  horse- power  per  foot  fall  is  available  continuously.  The  pond- 
age is  sufficient  to  make  this  1.6  horse-power  during  working  hours. 
Yantecaw,  or  Third  river,  is  also  largely  in  use.  At  the  last  mill 
we  estimate  0.62  horse- power  per  foot  fall  available.     The  pondage 
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re  is  very  large,  there  being  a  suoceseion  of  oonsiderable  mUl-poncb. 
ckman's  brook  drains  10.6  square  miles,  so  that  near  the  mouth  4.6 
rse-power  per  foot  fall  is  available,  and  at  the  railroad  crossing, 
ir  Cedar  Grove,  3.70  horse-power.  We  find  from  1.7  to  3  horse- 
wer  per  foot  fall  improved,  but  at  one  set  of  mills  it  runs  as  high 
7  horse-power. 

Between  Cedar  Grove  and  the  mouth  of  the  brook  123  feet  out  of 
otal  of  160  feet  of  fall  is  improved. 

The  remainder  of  these  minor  branches  of  the  Passaic  are  not  of 
SScient  importance  to  call  for  extended  notice. 
Drainage  works. — ^The  lands  which  we  have  alluded  to  as  over- 
wed  by  the  accumulation  of  the  flood  of  1882  above  Little  Falls 
ibrace  a  large  area  of  wet  meadows  subject  to  frequent  overflow. 
le  result  is  the  loss  of  much  land  which  would  otherwise  be  valu- 
te,  and  the  prevalence  of  malarial  disease.  When  the  river  is  dis- 
urging  at  Little  Falls  4,000  cubic  feet  per  second,  it  is  bank  full  at 
¥0  Bridges,  and  beginning  to  overflow  the  meadows.  Our  table 
ows  that  it  was  above  this  stage  485  days  in  17  years,  or  an  average 
one  month  in  each  year.  The  following  table  gives  the  area  of 
e  land  subject  to  overflow,  and  which  is  too  wet  for  cultivation,  and 
BO  the  water-shed,  the  flow  from  which  causes  the  trouble : 

WATER-SHEDe  AND  WET  LANDS  AREAS,  PASSAIC. 

Water-shed.     Wet  Lands. 
Square  Miles.       Acres. 

Passaic,  above  Millington. 53.6  10,400 

Passaic,  Millington  to  Chatham 46.2  4,854 

Passaic,  Chatham  to  Pine  Brook  Bridge 46.9  3,117 

Whippany— Total 71.1  5,094 

This  inclndes  Troy  and  Black  Meadows, 

4,275 ;  Lee  Meadows,  512;  Washington  Valley 

Meadows,  above  Morristown,  307  acres. 

Kockaway— Total 137.2  178 

Deepavaal 878 

Passaic  additional.  Pine  Brook  to  Two  Bridges 12  4,089 

Total  for  South  Branch  of  Passaic 867  27,605 

Pompton—Total 379.9  1,140 

Passaic  additional.  Two  Bridges  to  Little  Falls 26  563 

This  includes  Preakness  Brook  Wet  Lands, 
320  acres. 


Total  above  Little  FaUs 772.9  29,608 
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Of  the  above  area^  between  Two  Bridges  and  Pine  Brook  bridge^ 
the  larger  portion  below  Horae-Neok  bridge  is  known  as  the  Big- 
Piece  meadow,  and  the  smaller  portion  as  the  Little  Piece.  At  ordi- 
nary stages  the  elevation  of  the  river  at  Little  Falls  is  168  feet.  At 
Two  Bridges,  17,000  feet  above,  it  is  160  feet.  From  this  point 
through  the  Great  and  Little  Piece  to  Pine  Brook  bridge,  the  dis- 
tance, following  the  tortuous  channel  of  the  river,  is  11  miles,  and  the 
elevation  at  the  latter  bridge  is  163,  showing  a  fall  of  only  a  little 
over  3  inches  per  mile.  At  Pine  Brook  the  river  overflows  its  banks 
when  it  is  discharging  over  2,000  cabic  feet  per  second.  There  is  a 
short  cut  through  a  low  depression  from  this  pomt  to  the  river  about 
one  mile  below  Two  Bridges,  through  which  the  water  flows  when* 
there  is  a  rise  of  4  feet  at  Pine  Brook.  By  this  route  the  distance  is 
3.75  miles  instead  of  12  miles  by  the  natural  river  channel,  and 
it  has  been  proposed,  and,  in  fact,  attempted  to  divert  the  stream 
through  this  depression,  and  so  increase  the  fall  and  shorten  the  time 
of  floods  on  the  upper  meadows.  From  Pine  Brook  bridge  to  Lower 
Chatham  bridge  the  distance  is  10  miles,  and  the  river  has  a  total 
fall  of  4  feet.  The  Rockaway,  which  becomes  tributary  to  the  Passaio 
just  above  Pine  Brook,  has  a  fall  of  3  feet  on  its  lower  two  miles,  this 
portion  being  bordered  by  meadows,  but  above  this  the  Rockaway 
has  a  considerable  fall,  and  does  not  seriously  overflow  its  banks. 
The  Whippany  flows  through  Troy  meadows,  and  this  and  Black 
meadows  have  an  elevation  of  about  167  near  the  mouth  of  the 
Whippany,  and  174  six  miles  southwest.  It  will  be  seen  that 
throughout  this  great  extent  of  meadow  the  fall  of  the  river  is  very 
slight,  and  the  channel  is  so  limited  that  it  is  over  its  banks  much  of 
the  time. 

As  we  have  mentioned,  drainage  works  are  now  under  way,  having 
for  their  object  the  reclamation  of  this  large  area  of  lands.  The  first 
step  is  the  reduction  of  the  trap-reefs  at  Little  Falls,  a  work  which  is 
already  accomplished,  so  that  the  falls  are  now  entirely  obliterated^ 
and  the  lowering  of  Beattie's  dam  at  the  head  of  the  falls  20  inches. 
Flood  gates  are  also  to  be  introduced,  which  are  to  be  opened  when 
the  water  has  reached  a  height  of  one  foot  on  the  dam,  the  object 
being  to  keep  the  level  of  the  river  as  low  as  possible  at  this  pointy 
and  so  to  hasten  the  discharge  of  floods.  Owing  to  the  restricted 
capacity  of  the  channel  above  Two  Bridges,  it  also  must  be  cleared 
and  enlarged  in  order  to  make  the  work  a  success.     The  object 


WATER^UPPLY.  166 

of  this  work  is  rather  to  hasten  the  disoharge  of  floods  and  shorten 
the  time  in  which  the  meadows  are  flooded  and  wet  than  to  do  awaj 
with  the  overflowing  of  the  meadows  entirely.  Any  attempt  to  con- 
fine the  flood- waters  wholly  to  the  channel  would  result  in  an  increase 
of  the  maximum  flood-flow  to  about  the  same  rate  that  we  have  ob- 
served upon  the  Baritan^  or  say  60  cubic  feet  per  second  per  square 
mile.  It  will  be  seen  that  this  would  require  a  channel  from  Two 
Bridges  to  Little  Falls  having  a  capacity  of  38,650  cubic  feet  per 
seoond|  or  nearly  ten  times  the  present  capacity,  and  the  proportionate 
•enlargement  of  all  the  channels  above  flowing  through  these  wet 
lands.  Not  only  would  this  be  impracticable,  but  there  is  a  question 
whether  it  would  even  be  desirable,  as  the  lands  overflowed  are  very 
oondderably  enriched  by  the  sediment.  If  they  can  be  made  suffi- 
ciently dry  to  produce  good  crops  of  hay  and  pasturage,  the  work 
will  be  considered  a  success. 

SADDLE  BIVEB. 

This  branch  of  the  Passaic  rises  in  Rockland  county,  New  York, 
about  three  miles  north  of  the  State  line,  and  flows  almost  due  south 
for  17  miles,  emptying  into  the  Passaic  at  Passaic  City.  It  drains 
€0.7  square  miles,  of  which  8  square  miles  is  in  the  State  of  New 
York.  Twenty- eight  per  cent,  of  this  area  is  in  forest,  and  the  popu- 
lation is  122  to  the  square  mile.  It  is  essentially  a  red  sandstone 
stream,  the  underlying  rock  being  of  the  harder  class  of  red  sandstone. 
The  western  part  of  the  water-shed  drained  by  Hohokus  creek  is 
largely  drift-covered,  but  the  portion  drained  by  the  main  stream  is 
comparatively  free  from  sand  and  gravel.  Table  No.  53  is  adapted 
to  this  stream,  as  it  partakes  largely  of  the  character  of  the  main 
Passaic  water-shed.  Floods  are  usually  one  day  in  rising,  remain 
high  about  12  hours  and  fall  on  the  day  following. 

Waier-supply. — Above  90  feet  elevation  the  main  stream  drains  21 
square  miles.  This  is  a  very  fair  gathering-ground  for  water-supply. 
Hie  stream  carries  less  sediment  than  the  more  southerly  red  sand- 
stone streams.  We  estimate  that  with  7.5  inches  storage  14,000,000 
gallons  daily  may  be  collected.  Without  storage  the  stream  at  this 
point  is  good  for  2,667,000  gallons  daily.  Although  not  quite  so 
desirable  as  the  Highland  tributaries  of  the  Passaic,  it  is  convenient 
to  points  of  demand  and  may  be  utilized  in  the  future.  The  facilities 
for  storage  are  confined  to  the  main  valley,  but  it  would  be  possible 
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to  prooure  the  neoessary  7.6  inches  here.  Referring  to  cor  later  esti- 
mates of  the  flow  of  red  sandstone  streams,  there  will  be  seen  to  be 
some  little  doubt  whether  it  is  advisable  to  attempt  to  collect  more 
than  12  inches  annually  from  this  water-shed.  We  are  of  the  opinion 
that  while  14  inches  may  be  collected,  it  is  not  advisable  to  attempt 
it,  because  of  the  long  periods  of  low  reservoirs  which  must  follow* 
Taking  12  inches  of  the  limit,  the  available  supply  above  Paramu» 
at  90  feet  elevation  will  be  12,000,000  gallons  daily. 

Water-power, — Below  Paramus  to  the  mouth  of  the  river  we  find 
60.6  feet  out  of  the  total  of  90  feet  fall  improved  for  water-power. 
It  is  evident  that  not  many  opportunities  exist  for  new  developments 
on  the  stream.  We  estimate  the  available  horse-power  at  the  mouth 
at  2.67  per  foot  fall.  Below  the  junction  of  Hohokus  creek  we  make 
it  1.89  horse-power  per  foot  fall.  The  power  improved  on  this  por- 
tion of  the  stream  ranges  from  6  to  12  horse-power  per  foot  fall.  At 
Paramus  we  make  the  available  power  0.92  horse-power  per  foot  falL 
We  find  5  horse-power  actually  improved.  At  the  village  of  Saddle 
River  we  estimate  0.73  horse-power  per  foot  fall,  and  find  from  4  to 
6  horse-power  improved.  On  Hohokus  creek,  at  Hohokus,  we  esti- 
mate the  available  power  at  0.69  horse-power  per  foot  fall,  and  we 
find  from  6  to  6  horse-power  improved.  It  would  be  interesting  to 
know  what  has  led  to  such  a  large  amount  of  power  being  improved 
upon  this  stream.  To  a  certain  extent  it  is  due  to  the  presence  of  two 
kinds  of  mills,  such  as  saw  and  grist-mills,  upon  the  same  fall,  and 
these  mills  are  probably  rarely  both  run  ac  the  same  time.  The  de- 
velopment of  an  amount  of  power  which  can  only  be  realized  during 
a  very  small  part  of  the  year  is  likely  to  give  rise  to  ezpectatioD& 
which  are  not  warranted,  and  in  this  way  frequently  discredits  the 
use  of  water-power.  The  estimates  which  we  have  given  of  available 
horse-power  are  the  amount  of  power  actually  available  during  about 
nine  months  of  the  year.  They  may  be  double  or  even  be  increased 
2.4  times  for  use  during  working  hours  by  pondage. 

RAMAPO  RIVER. 

This  branch  of  the  Passaic  rises  in  Orange  county.  New  York, 
near  Monroe.  It  drains  160.7  square  miles,  of  which  112.4  square 
miles  is  in  New  York.  About  76  per  cent,  of  the  area  is  in  forest, 
and  the  population  is  68  to  the  square  mile.     Most  of  the  course  of 
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the  stream  is  in  a  low  valley  in  the  midst,  or  to  the  east  of  the  High- 
lands, which  rise  from  700  to  1,000  feet  above.  Tuxedo,  Sterling, 
Mount  Basha  and  several  smaller  lakes  afford  a  considerable  natural 
storage.  Most  of  these  have  been  improved  in  the  past  as  reservoirs 
to  furnish  power  for  iron  manufacturiog,  and  they  may  be  drawn 
down  to  a  considerable  extent,  but  are  not  at  present  so  drawn.  At 
Pompton,  1.6  miles  above  its  confluence  with  Pompton  river,  the 
stream  has  a  natural  fall  over  a  reef  of  trap  rock  of  about  16  feet. 
This  has  been  increased  to  23  feet  by  a  dam,  the  lake  above  being 
202  acres  in  extent.  From  the  head  of  this  pond,  two  miles  further 
up  stream,  to  Suffem,  at  the  New  York  line  10  6  miles  above,  the 
&11  is  6.7  feet  per  mile ;  thence  to  Augusta,  9  miles  further,  it  is  18 
feet  per  mile ;  thence  to  Turner's,  7  miles  above,  it  is  7  feet  per  mile. 
The  total  length  of  the  stream  from  its  remotest  source  is  34  miles. 
There  was  formerly  a  large  amount  of  power  used  on  the  New  York 
portion  of  the  water-shed  for  iron  furnaces  and  forges,  but  very  little 
of  this  is  at  present  in  use. 

The  maximum  flow  of  the  stream  at  Pompton  we  have  determined 
from  high-water  marks  to  be  66.1  cubic  feet  per  second  per  square 
mile.  In  our  table  of  gangings  we  show  a  minimum  flow,  October 
10th,  1892,  at  the  rate  of  0.14  cubic  feet  per  second  per  square  mile. 
The  following  table  shows  the  results  of  simultaneous  gangings  at 
Bamapo,  New  York,  and  at  Pompton,  New  Jersey,  at  the  close  of  an 
extremely  dry  period  in  1894 : 

SIMULTANEOUS    DRY-SEASON    GAUGINGS    OF    RAMAPO    RIVER,    AT    POMPTON,    N.   J., 
DRAINAGE   AREA   159.5   SQUARE   MILES,  AND   AT  RAMAPO,  N.  Y., 
DRAINAGE   AREA  86.4   SQUARE   MILES. 

AVBRA6E  FLOW  IN  CUBIC  FEKT  FEB  SECOND. 

1S94.  At  Pompton.  At  Ramapo. 

September  13th 15.53  16.29 

September  14th 15.53  15.13 

September  16th 15.53  15.58 

September  16th 24.86  13.94 

September  17th 38.84  15.08 

September  18th 38.84  18.41 

September  19th 38.84  

We  are  satisfied  that  from  the  13  th  to  the  16th  the  above  flow  at 
Pompton  is  less  than  the  natural  flow  of  the  stream.  The  water 
mast  have  been  held  in  some  of  the  intervening  mill-ponds,  and  let 
down  so  as  to  increase  the  flow  from  the  16th  to  the  19th.    If  we 
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take  tha  six  days  endiiig  at  6  p.  ic.  on  the  18th,  at  Baioapo,  ve  find 
the  iTcrage  flow  is  16.74  oabio  feet  per  seoond,  or  at  the  rate  of  0.182 
per  Bqaare  mile.  Allowing  1 8  honn  for  the  water  to  reac^  Pompton, 
and  taking  die  average  flow  at  that  plaoe  for  6  daya  ending  with  6 
A,  M.  on  the  19th,  the  avenge  flow  ia  28.41  oobio  feet  per  aeoond,  or 
0.178  cabio  feet  per  Eecond  per  gqiiare  mile.  From  this  it  will  be 
seen  that  the  aven^  dnring  6  days  at  the  two  places  is  almoet  exactly 
proportional  to  (lie  water*8bed  drained.  From  the  above  fiusta  we 
place  the  absolute  minimnm  at  0.14  oabio  feet  per  second  per  sqoare 
mile.  Gangings  were  nude  for  two  years  at  the  works  of  the  Pompton 
Steel  and  Iron  Company  by  the  ooartesy  of  the  late  Mr.  Jamaa 
Lodlam,  and  the  reealts  are  given  in  the  accompanying  table : 
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We  have  already  shown  in  Table  No.  41  that  the  evaporation  indi- 
«ated  by  the  above  gaagingB  averages  abont  3  per  cent,  in  exoees  of 
that  shown  by  the  Passaic  formnla.  Oo  the  basis  of  temperature  the 
evaporation  from  the  Bamapo  shed  should  be  aboat  5  per  cent  less 
than  that  shown  by  the  Paasuc.  We  are  inclined  to  attribnte  a  por- 
tion of  the  loss  shown  by  the  g&ngings  to  leakt^  at  the  point  of 
gauging.  For  aafe^,  therefore,  we  consider  it  best  to  apply  Table 
No.  63  to  the  Bamapo.  We  believe  its  actual  flow  lies  between  that 
of  Table  No.  53  and  Table  No.  51,  bnt  the  former  table  will  give 
safe  results,  although  possibly  a  little  within  the  truth.  Table  No. 
51  is  best  for  dry-month  flow. 

Water-tnipply. — ^The  Bamapo  is  an  admirable  gathering- ground  for 
pablio  water-supply.  The  only  points  which  at  present  threaten  pol- 
lution are  Suffbni,  N.  Y.,  a  growing  village,  and  Tuxedo,  where  a 
amall  eewer  is  now  dischatging  into  the  stream.    Naturally  the  water- 
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Bhed  is  all  that  can  be  desired.  The  yield,  without  storage  at  Pomp- 
toDi  will  be  14^641^20  gallons  daily.  At  Pompton  Fallsi  where  the 
present  dam  of  the  Pompton  Steel  Works  is  located,  there  is  an 
admirable  site  for  a  high  masonry  dam  on  a  rock  foundation.  If 
raised  ten  feet  higher  than  the  present  level  of  the  lake,  storage  to 
the  amount  of  1,066,000,000  gallons,  or  0.38  inches  on  the  water- 
shed, will  be  afforded.  This  will  maintain  the  supply  at  0.26  inches 
monthly  upon  the  water-shed,  giving  23,680,000  gallons  daily. 
With  a  total  storage  equal  to  7  inches  en  the  waternshed,  the  avail- 
able supply  at  Pompton  will  be  119,600,000  gallons  daily.  In  order 
to  obtain  this  amount  of  storage  it  will  be  necessary  to  build  a  num* 
ber  of  reservoirs  on  the  New  York  portion  of  the  water-shed.  The 
following  table  shows  the  possible  sites  for  storage,  and  also  gives  the 
area  of  the  various  existing  ponds  which  we  have  referred  to.  In 
our  remarks  upon  Pompton  river,  we  have  explained  the  only  prac- 
ticable way  in  which  all  this  water  can  be  collected  by  works  oonfineA 
within  the  State  of  New  Jersey : 
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Water-power, — We  estimate  the  available  power  at  Pompton  to  be 
7.04  horse-power  per  foot  fall.  Pompton  lake  oonoentrates  the  flow 
60  that  daring  working  hours^  or  10  hours  per  day^  2.4  times  the 
minimam  flow  is  always  available.  The  minimum  flow  being  22.5 
«ubio  feet  per  seoond^  we  find  that  there  would  always  be  6.14  horse- 
power per  foot  fall  availablei  or  taking  22  feet  as  the  available  headj 
132  horse-power  will  be  the  minimam.  Our  table  in  the  appendix 
gives  160  gross  horse-power  on  20  feet  fall^  or  8  horse-power  per  foot 
fall,  this  being  the  amount  reported  as  used  by  the  mills.  We  find 
that  wheels  are  in  place  having  a  total  of  366  net  or  about  622  gross 
horse-power,  or  26  horse-power  per  foot  fall.  Gtmgings  of  the  race- 
way show  214  gross  horse-power  actually  in  use  with  the  mill  work- 
ing in  its  usual  way,  and  this  amount  of  power  appears  to  be  success- 
fully used,  being  about  10.7  horse-power  per  foot  fall.  At  Oakland 
il  horse-power  per  foot  fall  is  improved  with  little  pondage.  These 
two  are  the  only  water-powers  on  the  Ramapo  in  New  Jersey.  Sixty 
feet  fall  is  unimproved  between  the  State  line  and  Oakland. 

WANAQUE. 

This  stream  strongly  resembles  the  Ramapo  in  the  topography  of 
its  water-shed.  Table  No.  53  may  be  applied  to  it  with  safety,  the 
flow  lying  somewhere  between  53  and  51.  The  minimum  flow  per 
square  mile  could  not  be  obtained  owing  to  draughts  upon  storage, 
but  it  may  be  safely  taken  to  be  0.14  cubic  feet  per  second  per  square 
mile,  or  the  same  as  the  Ramapo.  The  flood-flows  are  also  modified 
by  storage,  our  highest  observed  maximum  being  about  45  cubic  feet 
per  second  per  square  mile.  Under  natural  conditions,  it  probably 
runs  as  high  as  the  Ramapo. 

Greenwood  lake  and  Sterling  lake  afford  a  large  pondage.  The 
latter  is  used  as  a  reservoir  for  power  at  Sterling  furnace.  New  York. 
It  has  an  area  of  321  acres,  a  water-shed  of  4.69  square  miles  and  u 
not  at  present  drawn  off*  to  any  considerable  extent.  It  is  a  beautiful 
sheet  of  water  in  a  wooded  district  at  an  elevation  of  749  feet. 
Greenwood  lake  lies  partly  in  New  York  and  partly  in  New  Jersey 
and  is  a  well-known  summer  resort,  being  highly  picturesque.  It  i& 
at  an  elevation  of  621  feet,  has  a  length  of  6  miles  and  quite  a 
uniform  width  of  five-eighths  of  a  mile.  It  is  a  reservoir  for  the 
Morris  canal,  has  an  area  of  1,920  acres,  or  just  3  square  miles,  and 
receives  the  drainage  of  28  square  miles.     Its  storage  capacity  is  said 
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1 ,340,000,000  cnbic  feet  (Croes  and  Howell) ;  the  dam  is  of  fitone 
'eet  loDg  and  14  feet  high,  the  waste-way  being  100  feet  in  length, 
lake  is  eaid  to  rise  abont  1.9  feet  above  the  overflow,  indi- 
g  a  flood-flow  of  31  onbio  feet  per  second  per  sqosre  mile,  lar^y 
)ed  from  the  natural  flow  bf  the  storage  afibrded  on  the  area  of 
ake.  The  Jake  can  be  drawn  down  14  feet  The  storage  i» 
ly  in  ezoeEB  of  the  7  inches  which  we  have  shown  to  be  neoee- 
in  order  to  atilize  14  inobes  annnally.  The  lake  will  therefore- 
ly  at  all  times  18,600,000  gallons  daily,  or  abont  29  cubic  feet 
eoond  throDghont  the  year.  We  have  observed  68  cnbic  feet  per 
d  actually  being  drawn  through  the  gates.  This  water  flowa- 
I  the  length  of  the  Wanaqae  and  is  taken  into  the  Pomptott 
r  of  the  Morris  oaoal  at  a  point  near  the  janotion  with  the 
■po.  We  have  observed  from  49.5  to  40  cubic  feet  per  seoond 
;  taken  into  the  feeder  at  this  point,  and  from  information  and 
ings  we  estimate  the  avei^e  yearly  draft  at  38  cubic  feet  per 
d,  ranging  from  30  to  60  cubic  feet. 

e  estimate  that  Sterling  lake,  if  raised  so  as  to  afford  7  inohes 
ffi  npon  its  water-shed,  will  supply  3,140,000  gallons  daily, 
e  No,  51  shoald  be  used  for  these  headwaters  of  the  Wanaqne. 
following  table  gives  ihe  results  of  gangings  made  by  Ur. 
«  Fraser  at  the  dam  near  Pompton  station,  at  the  milt  of  H.  J, 
h,  £eq. : 
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This  short  aeries  of  gaugings  oovers  a  period  when  the  stream  is 
least  affeoted  by  draughts  from  Greenwood  lake,  A  doee  reeemUanoe 
to  the  flow  of  the  Ramapo  daring  the  same  period  is  apparent  on 
analysis.  From  October,  1890,  to  May,  1891,  the  Wanaqae  shows 
34.76  inches  rainfall  and  24.88  inches  flow-off.  Daring  the  same 
eight  months  the  Ramapo  gives  rainfall  34.60  and  flow  24.96  inches. 
This,  as  we  shoald  expect,  indicates  a  close  eqaality  in  the  amount  of 
evaporation,  and  the  distribation  of  the  flow  thronghoat  the  period 
indicates,  also,  a  strong  resemblance  in  the  flow  £rom  gronnd-storage. 

Waier-supply. — The  Wanaqae  water-shed  affords  one  of  onr  best 
gathering-groands  for  city  water-supply,  the  population  being  veiy 
small,  and  towns  and  villages  or  other  possible  sources  of  pollution 
are  entirely  absent  For  a  gravity  supply  the  stream  does  not  offiar 
the  best  facilities,  as  it  is  at  a  low  elevation  at  all  points  wheie  any 
considerable  amount  can  be  collected,  excepting  Greenwood  lake  and 
Sterling  lake,  which  we  have  already  noted.  To  collect  14  indies 
per  annum  upon  the  whole  water-shed  7.25  inches  of  storage  shoald 
be  allowed,  and  the  resultiog  supply  will  be  73,000,000  gallons  daily. 
We  have  seen  that  storage  is  already  provided  for  the  28  square  miles 
of  water-shed  of  Greenwood  lake,  and  the  4.69  square  miles  draining 
into  Sterling  lake.  Storage  for  the  balance  of  the  water-shed  may  be 
obtained  in  the  lower  main  valley. 

Waler-power. — While  Table  No.  63  is  the  safest  for  the  total 
amount  collectible  of  this  water-shed,  Table  No.  61  gives  most  accu- 
rately the  dry-month  flow,  consequently  we  ba8e  our  estimates  of 
water-power  upon  this.  The  water  drawn  from  Greenwood  lake 
averages  4.43  horse-power  per  foot  fall  on  all  the  portion  of  the 
stream  below  the  lake.  The  natural  flow  from  this  28  square  miles 
would  be  1.94  horse-power  per  foot  fall,  so  that  the  amount  actually 
added  is  2.49  horse-power  per  foot  fall  to  the  natural  flow  of  the 
stream.  At  Pompton  lakes  we  estimate  6.97  horse-power  per  foot 
fall  to  be  available  from  the  natural  flow.  Adding  the  above,  we 
have  about  9.6  horse-power  per  foot  fall.  14.6  horse-power  per  foot 
fall  is  improved  in  a  substantial  way  at  the  mills  of  H.  J.  Smith, 
and  is  said  to  be  satisfactorily  obtained,  there  being  considerable 
pondage.  Below  the  mouth  of  Ringwood  creek  the  drainage  area 
is  67  square  miles,  and  we  estimate  4.62  horse-power  per  foot  falL 
At  Wanaque,  about  midway  between  these  points,  6  horse-power  per 
foot  fall  is  successfully  used.    At  the  site  of  the  old  Freedom  fur- 
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naoe,  a  oharooal  blast  famaoe  built  in  1838|  which  was  oat  of  blast 
and  in  roins  in  1866,  there  was  a  crib  dam  about  200  feet  long  and 
9  feet  high  with  a  race  600  feet  long  and  15  feet  fall.  The  drainage 
to  this  pond  is  about  88  square  miles.  We  estimate  the  available 
power  at  6.9  per  foot  fall  or  8.4  horse-power,  with  the  draught  from 
Greenwood  lake  added,  making  126  horse-power  available  at  this 
site,  which  would  be  a  very  steady,  reliable  power.  Just  above  there 
is  an  old  forge  site  which  has  9  feet  fall.  We  estimate  5.5  horse- 
power per  foot  fall,  or  8  horse-power,  including  storage  from  Oreen- 
wood  lake,  giving  a  total  of  72  horse-power  available.  From  the 
mouth  of  Singwood  creek  to  Pompton  these  two  old  sites  and  those 
now  in  use  include  all  the  available  power.  From  Greenwood  lake 
to  the  mouth  of  Bingwood  creek  the  total  fall  is  360  feet,  and  we 
estimate  the  available  power  to  be  practically  that  due  to  the  amount 
drawn  from  the  lake,  or  4.4  horse-power  per  foot  fall.  32.5  feet  of 
this  is  developed  at  Singwood  iron  works,  giving  143  horse-power 
continuous.  There  is  on  this  part  of  the  stream  a  total  of  300  feet 
fall  undeveloped,  which  is  good  for  1,320  horse-power.  If  the 
draught  from  the  lake  could  be  controlled  this  power  would  never  fall 
below  1,020  horse-power,  and  if  confined  to  working  hours  2,000 
horse-power  would  be  as  steadily  available  as  if  it  were  steam-power. 
The  water-power  upon  the  branches  of  the  Wanaque  is  of  little 
importance.  Near  the  mouth  of  Ringwood  creek  there  is  an  old 
forge  site  with  ten  feet  fall  and  14.8  horse-power  available. 


PEQUANNOCE  BIVEB. 

This  is  another  branch  of  the  Passaic,  and  with  the  Samapo  and 
Wanaque  it  forms  the  Pompton  river  just  below  Pompton.  Its 
drainage  area  lies  high  on  the  Archean  Highlands.  For  nearly  its 
whole  course  it  flows  transversely  to  the  ridge  and  valley  structure  of 
these  Highlands,  thus  difiPering  from  the  Bamapo  and  Wanaque, 
which  flow  through  deep  valleys.  The  headwaters  of  the  Pequannock 
are  at  an  elevation  of  nearly  1,600,  while  the  mouth,  at  Pompton,  is 
only  170;  consequently  the  stream  has  great  fall.  From  Poet's  dam, 
at  Biverdale,  two  miles  above  the  junction  of  the  Bamapo,  to  New 
Foundland,  12.5  miles  above,  the  fall  is  45  feet  per  mile;  thence  to 
Wallace's  Corners  it  is  9.2  feet  per  mile  for  6.5  miles ;  for  two  miles 
above  this,  to  Stockholm,  it  is  30  feet  per  mile.    The  water-shed  is 
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aiz  or  Bevm  miles  wide  hy  19  miles  long,  and  the  brudieB  ue  qnita' 
naiformly  distriboted  along  the  ooane  of  the  muo  stnam,  moaUy 
ooming  in  from  the  northeast.  Forats  oover  78  per  cent  of  the  area.. 
Thefirst  table  of  gasgingB  gives  the  results  of  a  reoord  made  afe. 
Biverdale  by  Mr.  J.  H.  Farey.  We  have  to  acknowledge  the  aasiat- 
anoe  of  Hon.  John  F.  Poet  in  securing  this  reoord  : 
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DnuDftge  uea,  84.7  aqnare  miks. 
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26 
26 
26 
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48 
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December  to  M«y 
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17.49 



The  seoond  table  of  gainings  is  compiled  from  records  made  hy 
Clemene  Herschel,  C.E.,  Chief  Engineer  of  the  East  Jersey  Water 
Company,  at  Macopin  intake : 
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HAW  OF  Pmu^MNOCS  RIVER  AT  M ACOPIN  1 

Dnlsage  area,  63.7  square  mil«e. 


3 
1 
1 

■3 

1 

T 

0 

K  WEEKL 
F£ETPE 

BBCOMIX 

"""■ 

J 

< 

i891-2. 
Jane 

1.76 
6  01 
5.76 
l.»3 
2.U 
3.19 

4.se 

6.95 
.89 
4.30 
1.43 
5.39 

.55 
.27 
1.39 
.90 
.34 
1.73 
3.77 
5.96 
1.03 
2.58 

48 
£0 
254 
90 
23 
172 
416 
4.50 
115 
183 
12s 
190 

16 
20 
16 
25 
16 
18 
106 
173 
72 
125 
44 
70 

61 

fSj::::::.::::::;::;':::::::;;:::::: 

Uudl... 

92 

w^::'::::::::::;::::::::::::::::::::::::::: 

J        to  Ma 

42.80 

4.33 

3.83 
4.63 

206 
,71 
6.80 
1.6S 
4.07 
8.72 
3.55 
4.83 
5.68 

23.02 

8.37 
.63 
.53 
.47 

.16 
1,53 
1.62 
1.86 
3.73 
6.82 
4.26 
4.98 

28.86 

1892-3. 
Jnne                                          

221 
40 
40 
53 

10 
224 
140 
212 
293 
614 
277 
606 

T6 
15 
12 
8 
8 
24 
53 
50 
124 
331 
196 
104 

cS^:::::::::::::::::::;;::::;:::::::: 

Deranber                 .                      ... 

p«brST;z:;;;::::::::::::  ::::::■;■ ::;::: 

mSj.:::::;;:::::::::;::::::::::::;:::::::: 

280 

Jane  to  Mav 

48.74 

COXPABATITE  TABLB  OP  PLOW  FROM  OCTOBER,  1890,  TO  MAY,  1892. 

BbId.                 Flow.  DllTereDce. 

iDcbei.              lDGh«a.  Inchea. 

Peqnannock 77.80              46.54  81.76 

Bunapo 76.46                44.11  32.34 

OCTOBKB,  1890,  TO  HAT,  1891. 

Pequnnock 34.60              22.52  11.93 

Wiiuqne. 34.T6              24.88  9.8B 

Btaupo 34.60              24.95  9.66 

12 


178      GEOLOGICAL  SURVEY  OF  NEW  JERSEY. 

CompariDg  only  the  year  from  June,  1891,  to  May,  1892,  with  the 
same  year  on  the  Ramapo,  as  shown  by  the  table  of  gaagiogs  for  that 
stream,  the  flow  from  the  Pequannock  is  seen  to  be  larger,  bat  if  we 
combine  the  two  tables  of  flow  of  the  Pequannock  we  have  the 
results  shown  in  the  comparative  table  above,  from  October,  1890, 
to  May  1892,  a  period  of  20  months,  which  shows  the  flow  from  the 
Pequannock  to  be  slightly  in  excess  of  that  from  the  Ramapo.  From 
October,  1890,  to  May  1891,  the  flow  from  the  Pequannock  was  con- 
siderably lighter  than  from  the  Wanaque  and  Ramapo,  a  fact  whidi 
is,  no  doubt,  due  to  a  difference  in  the  amount  of  depletion  of  the 
grouud-water,  which  was  less  upon  the  Pequannock  at  the  end  of 
May,  1891,  than  upon  the  other  streams,  consequently  there  was  less 
water  required  to  make  this  good,  and  the  flow  for  the  year  following 
appears  larger  for  the  Pequannock  in  consequence.  We  find  the 
evaporation  upon  the  Pequannock  averages  about  11.5  per  cent.  lesB 
than  what  we  obtain  from  the  Passaic  formula  {E  equals  16.60  plus 
0.16  JB).  It  is  evident,  therefore,  that  this  is  in  its  evaporation  as  it  is 
in  its  topography,  a  typical  Highland  stream,  to  which  Table  No.  61 
exactly  applies. 

The  least  flow  for  a  period  of  one  week,  shown  by  Mr.  Herschel's 
gauging^,  is  0.13  cubic  foot  per  second  per  square  mile.  From  flood- 
marks  near  the  mouth  of  the  river  we  estimate  the  flood-flow  to  be 
62.7  cubic  feet  per  second  per  square  mile. 

Stickle  pond,  on  Stonehouse  brook,  has  an  area  of  110  acres  and 
drains  1.7  square  miles.  There  is  a  dam  at  the  outlet,  and  the  pond 
was  probably  constructed  to  furnish  storage  to  an  old  forge  shown  on 
Gordon's  map.  Macopin  lake  has  an  area  of  299  acres,  and  a  water- 
shed of  2.6  square  miles.  It  can  be  drawn  down  6  feet,  and  affords 
all  the  necessary  storage  for  its  water-shed.  It  is  now  controlled  by 
the  East  Jersey  Water  Company,  being  a  part  of  their  system  of 
reservoirs.  Hanks'  pond  has  a  stone  dam  across  the  outlet  20  feet 
long  and  6  feet  high.  Cedar  pond,  recently  enlarged  for  a  sports- 
man's preserve,  is  also  controlled  by  a  dam,  and  with  Buckabear  and 
Hanks'  pond  above  mentioned,  was  probably  intended  to  furnish 
storage  to  the  iron  works  at  Clinton  Falls,  where  there  was  a  charcoal 
blast  furnace  which  went  out  of  blast  in  1849.  Dunker  pond  has  17 
acres  of  surface  and  2.7  square  miles  of  water-shed. 

Water- supply, — The  Pequannock  is  another  excellent  gathering- 
ground  for  water-supply.    The  population  is  light  and  scattering  in 
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^eral.  The  largest  village  ifl  Bloomingdaley  with  a  manafaotoring 
population  of  aboat  2,000.  Above  this  there  is  practically  no  present 
danger  of  poUntiony  nnlees  we  except  the  petrolenm  oil-pipe  line 
which  traverses  the  entire  length  of  the  waterndied,  passing  near 
Vernon,  Newfoundland,  and  thence  along  the  line  of  the  New  York, 
Bosqadianna  and  Western  railroad.  Precautions  are  taken  against 
Berioos  leakage  from  this  line,  which  is  constantly  patrolled,  and  is 
not  a  serieosly  threatening  danger.  With  7  inches  storage  npon  this 
water-shed,  14  inches  may  be  collected  annually,  equal  to  a  total  daily 
supply  of  56,000,000  gallons.  Sites  for  this  storage  are  given  in  a 
report  of  the  Commissioners  of  State  Water-Supply  made  in  March, 
1884,  the  stream  having  been  recommended  by  this  commission  as  a 
source  of  supply  for  our  northeastern  cities.  In  the  following  table 
I  have  given  these  sites  with  their  stated  capacity,  to  which  I  have 
added  the  tributary  water-shed  and  the  amount  of  storage  estimated 
to  be  necessary  at  7  inches  on  the  water-shed  : 

POSSIBLE  BESEBVOIB  SITES  ON  THE  PEQUANKOCK. 


Name  of  Reservoir.  Elevation. 

BloomiDgdale 370 

StonehoDse  Brook 700 

Stickle  Pond. 800 

No.  3  (Brick  Yard) 800 

Macopin  Lake 900 

Hanks'  Pond 1,033 

Cedar  Pond 1,110 

Bockabear  Pond 1,000 

Oak  Bidge 880 

Danker  Pond 1,043 


Capacity. 
MiUion  GaUons. 

Tributary 

Drainage. 

Square  Miles. 

Necesiary 

Storage. 

Million  Gallona. 

1,870 

1,000 

700 

82.0 
4.5 
1.8 

4,002* 
330* 
220 

700 

1.7 

208 

1,250 

2.6 

305 

300 

.7 

87 

300 

1.0 

122 

3,800 

13,000 

1,000 

9.5 

26.5 

2.7 

1,100 

3,240 

330 

10,004 


'Bxclnaive  of  that  provided  by  reservoin  above  on  tame  drainage. 


It  will  be  observed  that  in  order  to  secure  a  uniform  storage  of  7 
inches  upon  the  water-shed  we  shall  need  still  2yl32,000;000  gallons 
for  the  main  valley  between  Oak  Bidge  and  Bloomingdale.  Sites 
at  Charlottesburg  and  on  Post's  or  Kanouse  brook^  east  of  New 
Foundlandy  will  provide  a  part  of  this^  but  the  whole  will  not  easily 
be  obtained. 

The  East  Jersey  Water  Company  has  established  works  upon  this 
water^shed  for  the  supply  of  the  city  of  Newark.    Their  collection 
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works  consist  of  a  dam  at  Macopin  intake,  forming  a  small  reaervmr 
on  the  main  stream,  from  which  tiie  steel  oondoit  48  inches  in  diameter 
and  21  miles  long  draws  the  supply.  Its  water  sarfiEU»  is  18  acres  m 
extent,  and  it  contains  32,000,000  gallons.  It  is  at  an  elevation  of 
684  feet,  and  the  drainage  area  tributary  to  it  is  63.7  square  mihs. 
Table  No.  51  shows  that  in  the  driest  period,  with  7  inches  ston^ 
42,600,000  gallons  daily  may  be  collected.  The  storage  reservoin 
on  the  water-shed  above  are  Macopin  lake,  which  we  have  previously 
described,  and  which  will  yield  1,600,000  gallons  daily,  and  the  two 
larger  following. 

Oak  Ridge  reservoir  is  on  the  main  stream  near  the  village  of  the 
same  name;  has  an  area  of  383  acres  and  a  storage  capacity  of 
2,555,000,000  gallons.  The  dam  is  an  earthen  embankment  dboat 
40  feet  high,  with  a  concrete  core-wall  8  feet  thick  at  the  bottom  and 
5  at  the  top.  The  outlet  channel  is  a  cut  blasted  through  the  ledge 
around  the  east  end  of  the  dam.  The  water-shed  tributary  to  this 
reservoir  is  27.3  square  miles  in  extent.  The  storage  amounts  to 
5.38  inches  on  this  area.  From  Table  No.  61  we  find  that  this  will 
maintain  the  flow  in  the  driest  period  at  .985  inch  monthly,  or 
16,288,000  gallons  daily.  Clinton  reservoir  has  an  area  of  423  acres, 
and  receives  the  drainage  from  9.5  square  miles.  Its  capacity  is 
3,518,000^000  gallons,  or  21.32  inches  on  the  water-shed.  It  is  said 
to  have  filled  between  September  4tb,  1891,  and  June  4th,  1892.  It 
will  be  found  by  the  table  of  gaugings  that  during  this  period  the 
flow  from  the  entire  water-shed  amounted  to  20.81  inches,  so  that 
there  was  probably  no  difference  between  the  amount  flowing  ofiP  from 
this  9.5  square  miles  and  the  entire  63.7  square  miles  above  Macopin 
intake.  Table  No.  51  shows  that  this  reservoir  will  yield  continu- 
ously 6,300,000  gallons  daily  if  drawn  down  to  the  extent  of  7  inches 
on  its  water-shed.  It  may  be  drawn,  of  course,  to  a  much  greater 
extent,  but  in  that  case  will  not  fill  for  a  long  time  after. 

The  24.4  square  miles  not  provided  with  storage  will  yield  during 
the  driest  period  not  more  than  1,976,000  gallons  daily.  Adding 
this  to  the  amount  which  we  allow  for  the  three  reservoirs,  the  whole 
works  would  therefore  have  a  capacity  of  25,200,000  gallons  daily  if  no 
reservoir  is  drawn  down  more  than  7  inches  upon  its  water-shed.  If 
Clinton  reservoir  is  drawn  to  its  utmost  capacity,  a  larger  amount 
may  be  furnished. 

Water-potDer. — This  stream  has  been  a  popular  one  for  water- 
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power,  as  will  be  seen  by  oar  table  in  the  appendix,  but  all  of  the 
dtes  below  Maoopin  intake  have  already  been,  or  are  in  process  of 
being  acquired  by  the  dty  of  Newark,  or  rather  the  above-mentioned 
water  company,  and  the  stream  will  not  hereafter  figure  to  any  extent 
for  water-power.  Its  development  began  sometime  previous  to  the 
Bevolution,  and  reached  a  high  stage  at  a  very  early  date.  The  1850 
edition  of  Gk>rdon's  map  shows  3  furnaces,  9  forges  and  10  mills,  or 
22  establishments  in  all  using  water-power  upon  the  water-shed. 
This  was  a  larger  number  than  existed  in  1890,  when  the  total  num- 
ber of  sites  was  18.  There  is  no  doubt,  however,  that  the  total 
amount  of  power  in  use  at  the  later  date  much  exceeded  that  in  use 
in  1860,  or  previously.  We  estimate  5.52  horse- power  per  foot  fall 
available  at  Bloomingdale,  and  we  find  from  10  to  14.8  horse-power 
per  foot  fall  improved.  Ten  horse-power  seems  to  have  been  success- 
fully used  before  the  stream  was  developed  to  supply  the  city  of 
Newark.  This  was  during  working  hours.  The  total  amount  of 
h\l  improved  at  Bloomingdale  is  139  feet,  and  183  feet  is  in  use  be- 
tween Smith's  mills  and  the  mouth  of  the  river. 

At  Charlotteburg  there  is  a  stone  crib  dam  220  feet  long  and  14 
feet  high,  and  a  raceway  about  200  yards  in  length.  There  is  19  feet 
fidl  and  a  considerable  pondage.  A  charcoal  blast  furnace  was  built 
bere  in  1767  and  operated  for  a  short  time.  In  1840  a  forge  was 
bailt  and  an  extensive  business  carried  on  for  several  years.  We 
Ornate  4  horse-power  per  foot  fall,  or  76  horse-power  of  continuous 
power,  to  have  been  available  here.  This  upper  part  of  the  water- 
^ed  has  been  appropriated  for  the  supply  of  the  city  of  Newark,  and 
we  shall  not  consider  it  further  as  a  water-power  stream. 

BOCKAWAY  RIVER. 

This  is  the  next  branch  of  the  Paseaic  to  the  south,  and  is  a  High- 
land stream  with  a  strong  resemblance  to  the  Pequannock  in  the 
obaracter  of  its  water- shed.  It  also  flows  southeast,  across  the  High- 
land ridges,  but  its  fall  is  less  uniform  than  that  of  the  Pequannock. 
For  six  miles  above  its  junction  with  the  Passaic  the  fall  of  the 
fiookaway  is  2.3  feet  per  mile ;  thence  to  Old  Boonton,  two  miles  up, 
it  is  32  feet  per  mile.  This  is  at  the  base  of  the  Highlands  at  the 
west  side  of  the  Central  Passaic  valley,  and  the  river  has  a  rapid 
descent  as  it  issues  from  the  plateau.   From  Boonton  to  Old  BoontoUi 
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1.6  miles,  the  total  fall  is  240  feet,  affording  one  of  the  fine  wator- 
powen  of  the  State,  For  11  milee  above,  to  Dover,  the  &11  is  but 
7,3  feet  per  mile,  and  theoce  to  Woodstock,  12  miles  by  the  stream, 
it  ia  16  feet  per  mile.  From  souroe  to  moath,  the  stnafii  is  40 
milee  in  length.  The  area  of  the  watei-shed  is  138.4  sqnare  miles, 
and  80  per  cent,  is  in  forest.  A  gauge  was  set  np  at  Dover,  and  read 
1^  Messrs.  Smith  and  Jenhinn.  It  was  impossible  to  obtaid  the  flow 
at  this  point  excepting  on  Sundays,  when  the  mills  were  shot  down. 
7^  gangingB  aie  given  as  they  were  taken : 


W   OF   THE   BOGEAWAT   AT  DOVEB,  11 

Drain&ge  arei,  52.2  sqaire  miles. 
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The  above  gauging^  indicate  a  very  large  summer  flow.  The 
water-ehed  above  Dover  include?  that  of  the  Longwood  valley  above 
Port  Oram,  which  ia  described  under  the  gaugings  at  that  point ;  and 
also  the  water-shed  of  Green  Pond  brook,  16.4  square  miles  in  area. 
This  latter  shed  has  pondage  aggregating  728  acres  in  area,  and  some 
swamps.  A  draught  of  16  inches  on  this  pondage  would  add  an  inch 
to  the  flow  of  the  water-shed,  and  a  draught  of  2  feet  would  add 
half  an  inch  to  the  flow  of  the  entire  shed  above  Dover.  Comparing 
these  gangings  with  those  at  Port  Oram,  just  above,  they  are  found 
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to  indioate  a  mnoh  Iw^er  proportioi»I  flow,  and  I  have  not  considered 
it  safe  to  base  any  otmclnuonB  opon  this  Dover  seriefi,  as  there  ia 
danger  that  the  flow  is  iaoreased  by  la^  dranghta  apon  arUficisI 
storage,  which  have  been  noted. 

Another  gaage  waa  set  np  at  the  new  mill  of  the  Lnzembouig  Im- 
provement Company,  at  Port  Oram,  and  read  from  November  IStb 
to  Janaary  1  fith  by  Mr.  N.  J.  Peltier,  the  saperiatendent : 


VBR   AT  FORT   ORAM,    1S90-1, 

Drainage  area,  29.9  square  mile*. 
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September  10th,  18B4,  minimum  flow,  11. 1  cubic  feet  per  second,  was  obeerred  b; 
Qeo.  S.  Jenkins,  C,E.,  from  the  filling  of  the  pond  in  twentj-four  houn. 

The  Rochaway,  above  Port  Oram,  flows  through  Longwood  valley 
with  a  fall  averting  about  10  feet  to  the  mile.  The  bottom  of  the 
valley  contains  considerable  beds  of  drift  gravel,  and  there  is  also 
aome  marsh  on  the  lower  part  of  the  stream.  These  featares  oon- 
tribate  to  produce  a  steady  and  well-aostained  dry-season  flow.  The 
tulls  rise  aboat  600  feet  above  the  valley,  and  90  per  cent,  of  the 
water-shed  is  in  forest.  Inquiry  along  the  stream  indicates  that  the 
above  minimam  flow  of  11  cubio  feet  per  seoond  is  as  low  as  the 
stream  falls,  except  in  extremely  dry  periods. 

Mr.  Charles  F.  Swain  famishes  the  following  gaugings,  made  in 
1890,  at  BoontoD : 

Angnst  6tb,  109  cubic  feet  per  second. 
AaguBt  15th,  136  cubic  feet  per  second. 
September  Sth,  80  cubic  feet  per  second. 

The  latter  was  believed  to  fairly  represent  the  flow  of  the  stream, 
alUiongh  it  ia  mnoh  involved  with  the  flow  of  Morris  canal.  The 
ana  above  this  point  is  IIS  sqaare  miles,  and  at  this  same  date  we 


184      GEOLOGICAL  SURVEY  OP  NEW  JBBSEY. 

foand  the  Bamapo  dischargiog  at  the  rate  of  92  oabio  feet  per  second 
on  160  square  mileSy  which  is  a  little  lower  rate  than  that  of  the 
Bookaway.  From  high- water  marks,  we  find  the  maximam  flood- 
flow  at  Boonton  to  be  40.7  cubic  feet  per  second  per  square  mOe,  and 
at  Dover  43  cubic  feet  per  second  per  square  mile,  showing  a  rate 
about  two-thirds  of  that  given  by  the  Bamapo.  From  these  records 
of  flow  and  a  knowledge  of  the  surface  geology  of  the  water-ahed, 
we  adopt  Table  No.  62  to  represent  the  flow  of  the  Bockaway. 

Lakes  and  ponds. — Dixon's  pond,  near  Bockaway  valley,  is  a  mill- 
pond  with  a  stone  dam  140  feet  long  and  10  feet  high.  The  area  is 
36  acres  and  it  receives  the  drainage  of  3.63  square  miles.  On  Den 
brook,  Opennaki  lake,  is  an  old  forge  site  with  a  stone  dam  60  feet 
long  and  12  feet  high.  The  pond  is  small.  Just  above  is  Shongami 
70  acres  in  extent,  with  2.9  square  miles  drainage  area.  The  dam  is 
160  feet  long  and  12  feet  high.  This  is  also  an  old  forge  site.  Split 
Bock  pond  was  improved  for  storage  to  furnish  power  to  a  charcoal 
blast  furnace.  It  is  316  acres  in  extent,  with  a  water-shed  of  6.3 
square  miles.  The  dam  is  of  stone.  If  raised  3.6  feet  and  then 
drawn  ofi^  7  feet  it  would  form  an  excellent  reservoir  with  a  capacity 
of  718,000,000  gallous,  or  over  7  inches  on  its  water-shed,  and  would 
supply  continuously  3,600,000  gallons  daily.  The  elevation  is  316 
feet.  Durham  pond  is  on  the  same  water- shed  just  above,  and  has 
an  area  of  47  acres,  with  less  than  one  square  mile  tributary  water- 
shed. It  was  a  forge  site  from  1811  to  1866.  On  Oreen  Pond 
brook.  Middle  Forge  pond  has  a  stone  dam  132  feet  long  and  13  feet 
high.  This  was  an  old  forge  site  dating  back  to  1810,  and  there  was 
15  feet  fall  at  the  water-power.  The  area  of  the  pond  is  96  acres 
and  its  water- shed  is  10.1  square  miles.  Under  present  conditions, 
there  is  a  difierence  of  4  feet  between  the  highest  water  level  and  the 
lowest  possible,  giving  about  0.7  inches  on  the  water-shed.  Denmark 
pond  was  also  a  forge  site,  dating  about  1800,  and  is  172  acres  in 
extent  with  about  4.5  square  miles  of  water-shed.  The  dam  is  of 
stone,  145  feet  long  by  25  feet  high,  30  feet  fall  having  been  avail- 
able. From  the  highest  to  the  lowest  water-level,  as  the  gates  are 
now  arranged,  this  pond  probably  affords  about  4  inches  storage  on 
its  water- shed.  Green  pond,  upon  the  same  water- shed,  is  a  beauti- 
ful natural  lake  at  an  elevation  of  1,048  feet.  It  has  an  area  of  460 
acres,  with  a  drainage  area  of  but  1.7  square  miles.  It  would  only 
be  necessary  to  draw  this  lake  down  1  foot  to  afford  7  inches  of  stor- 
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age  on  its  water-ehed.    In  this  way  the  lake  could  be  made  to  supply 
1,200,000  gallons  daily  in  the  driest  period. 

In  liongwood  valley,  at  Lower  and  Upper  Longwood,  there  are 
quite  large  ponds  upon  the  Bockaway.  Still  farther  up  is  the  Peters- 
burg mill- pond,  53  acres  in  extent,  and  Mooseback  pond,  21  acres  in 
extent,  the  lake  having  a  very  small  watershed.  It  will  be  seen 
that  at  present  the  Rockaway  has  a  very  considerable  amount  of 
8tora}i;e,  and  even  though  they  are  not  drawn  down,  these  various 
ponds  oontribute  substantially  to  keep  up  the  dry- season  flow  of  the 
stream  by  leakage  through  their  dams,  or  discharge  over  the  weirs. 

WaUr-iupply. — ^The  portion  of  the  Rockaway  river  below  Boonton 
flows  through  the  red  sandstone  valley,  but  118  square  miles  of  the 
irater-shed  above  Boonton  falls  is  purely  a  Highland  area,  ranging 
£rom  600  to  about  1,200  feet  in  elevation.    On  this  portion  of  the 
stream  the  valleys  are  mostly  rather  flat,  and  very  largely  covered 
-^nih  drift  gravel  and  sand.     In  consequence,  the  water  rushing  down 
from  the  upper,  steeper  slopes  does  not  find  its  way  immediately  into 
the  stream.     It  is  largely  passed  through  the  sand  and  gravel,  and 
thus  naturally  filtered.    Our  table  of  drainage  systems  in  Appendix 
H.  shows  that  the  Bockaway  has  a  population  of  113  to  the  square 
xnile  above  Boonton,  and  82  per  cent,  of  the  area  is  in  forest.    By 
reason  ef  its  high  elevation  at  a  point  bo  near  to  our  large  eastern 
cities,  and  the  fiict  that  its  water-shed  lies  entirely  within  the  State, 
in  addition  to  its  topographical  and  geological  advantages,  the  Rocka- 
^rwLj  ranks  first  among  our  unused  sources  of  water-supply,  and  it 
needs  to  be  considered  by  us  with  some  care.     The  only  points  above 
Boonton  where  pollution  seems  to  be  at  all  seriously  threatened  are 
Dover  and  Rockaway,  the  former  having  a  population  of  about  3,600, 
^nd  the  latter  probably  not  over  500.    Outside  of  these  towns  the 
population  is  widely  scattered,  and  is  largely  a  mining  population. 
Jnst  at  present  this  mining  population  is  decreasing,  and  there  is  no 
likelihood  of  its  future  increase  to  any  serious  extent.    The  following 
W>le  shows  the  population  in  1880  and  1890,  with  Dover  and  Rocka- 
way returned  separately : 

Area.  Population. 

Township.  Square  Miles.  1890.  1880. 

BooDton,  ezclosive  of  Boonton  City 6.87  326  405 

Bockawaj,  exclusive  of  Rockaway  Village...  63.34  5,533  6,966 

Buidolph.  exclusive  of  Dover 27.85  4,572  4,742 

Jeffcnon 44.26  1,611  1,792 

Totals 142.32  12,042  13,905 
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FOFXTLATION  OF  YILLAOEB. 

Dover,  1880 2,968.    1886...  3,170.    1890, 8,400. 

Bockawaj,  1880,  estimated,  400.  1890,  estimated,  600. 

The  above  table^  which  has  been  compiled  from  censas  retonis, 
shows  that,  ezdasive  of  Dover  and  Bockawaji  the  popalation  has 
decreased  16  per  cent,  daring  these  ten  years.  Since  1890  some  large 
and  important  mines  have  been  abandoned,  and,  in  consequence,  the 
decrease  has  been  at  a  still  more  rapid  rate.  The  position  of  the 
water-sheds  is  such  that  the  sewage  of  Dover  and  Rockaway  may  be 
readily  conducted  out.  It  will  consequently  be  seen  that  there  need 
be  no  apprehension  of  danger  of  serious  artificial  pollution  on  the 
Bockaway  above  Boonton,  and  that  the  facilities  for  removing  any 
possible  contamination  are  exceptionally  good.  It  is  very  important, 
not  only  to  the  preservation  of  the  purity  of  the  stream,  but  to  the 
general  health  of  the  district,  that  the  Bockaway  should  not  be  used 
as  an  outlet  for  sewage,  as  its  dry-season  flow  is  too  small  to  permit 
of  this  with  safety. 

The  water-shed  above  Boonton  falls  will  supply  78,000,000  gallons 
daily,  with  storage  amounting  to  7  inches.  The  following  table  gives 
some  possible  reservoir  sites  upon  the  water-shed,  with  their  capacity: 

STORAGE  RESERVOIRS  ON  ROCKAWAY  RIVER. 

Drainage        Area  of 
Elevation.  Area.  Surface.        Capacity. 

Name.  High  Water.  Low  Water.    Square  Miles.       Acres.       Million  Gallons. 

Dixon's  Pond 580  565  3.53  154  471 

Rockaway  Valley 523  500  9.2  276  1,250 

Beach  Glen 540  520  22.1  786  3,793 

Split  Rock 818  811  5.3  316  718 

Middle  Forge 710  700  ^ 

Denmark 818  810  [  10.1  1,240 

Green  Pond 1,048  1,047-) 

Berkshire 700  690  4.4  320  825 

Longwood 740  700  22.4  502  3,569 


The  above  reservoirs  farnish  storage  for  71.7  square  miles.  To 
supply  the  remainiug  46.3  square  miles^  6,650y000,000  gallons  will 
still  be  needed^  which  may  be  provided  on  the  main  stream.  Den 
brooky  Mill  brook  and  in  lateral  reservoirs^  with  no  difficulty. 

Any  of  these  reservoirs  will  supply  666^094  gallons  daily  for  each 
square  mile  of  water-shed. 
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Water-power. — ^There  is  a  stroDg  probability  that  in  the  near  fotore 
the  Bookaway  will  be  developed  for  the  sopply  of  some  of  our  large 
dtieBi  oonsequently  it  will  lose  its  importance  as  a  water-power  stream. 
We  have  not  anywhere  in  this  report  considered  the  Whippany  as  a 
part  of  the  Bockaway  water-shed.  It  joins  the  Rookaway  very  near 
where  the  latter  flows  into  the  Passaic,  and  has  nothing  in  common 
with  the  latter  water-shed,  so  that  it  is  more  convenient  to  consider 
the  two  separately.  We  estimate  the  available  power  of  the  Rooka- 
way at  its  mouth  to  be  9.25  horse-power  per  foot  fall.  At  Boonton 
falls  we  make  it  8.14  horse- power  per  foot  fall.  Between  these  points 
we  find  from  7  to  12  horse- power  improved.  Below  Old  Boonton 
there  is  about  50  feet  of  fall  unimproved.  Between  these  points  and 
the  head  of  Boonton  falls  there  is  240  feet  fall,  of  which  142  b 
improved,  112  of  this  being  at  the  site  belonging  to  the  estate  of  J. 
Couper  Lord.  There  is  a  good  deal  of  pondage  above  the  head  of 
the  faUs.  We  estimate  the  lowest  flow  to  be  at  the  same  rate  as  upon 
the  Bamapo,  which  would  give  16.52  cubic  feet  per  second  at  the 
head  of  the  falls.  It  is  claimed  that  the  flow  of  the  Rockaway  here 
is  considerably  increased  by  water  drawn  through  Morris  canal  from 
Lake  Hopatoong.  Messrs.  Croes  and  Howell,  in  their  report  to  the 
Newark  Aqueduct  Board  in  1879,  estimated  the  leakage  of  this  canal 
to  be  1.74  cubic  feet  per  second  per  equate  mile,  or  50.46  cubic  feet 
between  Lake  Hopatcong  and  Pompton  feeder.  As  we  have  at  times 
observed  a  flow  of  55  cubic  feet  per  second  through  the  canal  east- 
ward from  Lake  Hopatcong,  and  have  also  observed  that,  as  a  rule, 
very  little  water  passes  eastward  through  the  aqueduct  over  Pompton 
river  at  Mountain  View,  it  seems  probable  that  this  estimate  is  not 
&r  from  the  truth.  As  the  canal  between  Boonton  and  Pompton 
feeder  must  have  its  full  proportion  of  leakage,  and  also  requires 
water  enough  to  operate  the  planes,  it  is  difficult  to  see  how  the  addi- 
tion to  the  Rockaway  can  be  any  more  than  the  proportionate  leakage 
for  the  14  miles  of  canal  which  traverses  the  Rockaway  water-shed 
above  Boonton.  Assuming  this  to  be  true,  it  gives  us  24.4  cubic  feet 
per  second  added  to  the  flow  of  the  Rockaway  by  leakage  from  the 
canal.  This  would  make  the  total  flow  of  the  Rockaway  below 
Boonton  40  cubic  feet  per  second,  or  4.5  horse-power  per  foot  fall. 

The  Morris  canal,  it  has  been  claimed,  does  not  divert  water  from 
the  Rockaway,  although  it  locks  its  boats  into  the  river  at  Dover,  and 
again  at  Powerville,  which  is  above  Boonton  falls.     With  a  moderate 
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ttmoont  of  storage  to  maintain  the  flow  daring  the  extreme  dry 
periods  this  water-power  at  Boonton  coold  be  made  a  very  valuable 
one  if  atilized  to  the  fall  extent  of  240  feet  fall.  Like  most  of  the 
other  water-powers  of  northern  New  Jersey,  it  was  originally  im- 
proved for  use  in  iron  manufacturing,  a  very  large  business  having 
been  carried  on  at  one  period. 

At  Powerville,  just  above  the  falls,  we  find  27  horse-power  per  foot 
fall  improved,  but  steam-power  is  used  in  oonnection  with  this. 
There  is  little  available  power  above  this  point  until  we  reach  the 
village  of  Kockaway.  Here  19  feet  is  improved,  having  been  used 
originally  for  two  forge  sites,  dating  back  to  1790.  At  Dover,  we 
estimate  the  available  power  at  3.48  horse- power  per  foot  fall,  and 
£nd  about  this  amount  improved,  with  a  large  allowance  of  pondage. 
There  is  about  50  feet  fall  unused  between  here  and  Port  Oram.  At 
the  site  of  the  old  Washington  forge  there  is  a  pond  of  10  acres,  the 
water-shed  being  29.9  square  miles.  We  estimate  the  available 
power  to  be  2  horse-power  per  foot  fall.  On  September  10th,  1894, 
the  flow  for  24  hours  at  this  point  amounted  to  11.1  cubic  feet  per 
second.  This  was  a  very  dry  time,  and  while  this  flow  amounts  to 
0.37  cubic  feet  per  second  per  square  mile,  or  double  that  of  the 
Bamapo,  at  the  same  time  the  stream  seems  to  very  rarely  fall  below 
this,  and  probably  has  a  minimum  of  not  much  less  than  0.3  cubic 
feet  per  second  per  square  mile.  This  would  make  the  driest  season 
give  1.1  horse- power  per  foot  fall,  or  twice  this  for  working  hours, 
with  the  existing  pondage.  We  find  3.75  horse-power  improved,  and 
at  Baker^s  mills,  the  next  site  above,  4.8  horse-power.  Just  above 
this,  near  the  crossing  of  the  Delaware,  Lackawanna  and  Western 
railroad,  was  the  site  of  Valley  forge,  which  had  7  feet  fall. 

At  Lower  Longwood,  there  is  another  old  forge  site,  connected 
with  which  was  a  saw- mill.  The  dam  is  of  earth  and  stone,  200  feet 
long  and  12  feet  high.  The  water-shed  is  21.1  square  mile^,  and 
the  available  power  1.4  horse-power  per  foot  fall,  or  16.8  in  all, 
there  being  sufficient  pondage  to  double  this  during  working  hours. 
At  Upper  Longwood,  there  is  another  forge  site.  The  dam  is  of 
crib  work,  in  a  rocky  gorge,  and  is  75  feet  long  and  15  feet  high. 
We  estimate  19.5  horse-power  for  this  fall,  or  double  this  for  work- 
ing hours,  there  being  a  large  pond.  Another  forge  site  at  Wood- 
stock has  7  feet  fall,  and  at  Petersburg  there  is  still  another  with  a 
large  pond  and  12  feet  fall,  for  which  we  estimate  9.6  horse-power, 
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or  doable  this  for  working  hoars.    All  of  these  powers  have  the 

repatation  of  beiag  very  good  and  steady,  and  this  is  borne  oat  by 

appearanoes.    There  were  several  more  forge  sites,  some  of  them  on 

very  small  water-sheds,  above  this  pond. 

Split  Rock  pond,  to  which  we  have  already  alladed,  was  improved 
to  famish  storage  for,  first,  a  forge,  in  aboat  1837,  and  later,  a  char- 
<x>al  blast  famace.  It  is  another  example  of  a  small  water-shed 
highly  developed,  to  farnish  power  for  iron  manafaotaring.  The 
dam  is  of  dry  stone  in  a  rocky  gorge  and  is  90  feet  long  and  10  feet 
high.  Two  falls  were  need  for  the  farnaoe,  one  of  28  and  one  of  7 
feet.  Three  feet  draft  apon  the  pond  gives  aboat  2  inches  storage 
upon  the  water-shed,  and  will  maintain  the  flow  at  1  inch  monthly 
in  an  ordinary  dry  year,  making  0.53  horse- power  throaghoat  sach  a 
jear,  and  0.37  horse-power  in  the  driest  period  for  each  foot  of  fall. 
Doubling  these  figures  for  working-hoars,  we  have  at  this  site  4^ 
liorse-power  throughout  an  ordinary  dry  year,  and  26  horse-power 
even  in  the  driest.  On  the  outlet,  there  is  a  total  fall  of  255  feet  in 
about  1  mile.  At  Beach  Glen,  a  forge  was  built  as  early  as  1760, 
and  this  also  had  a  large  pondage.  The  dam  was  of  earth  and  dry 
stone,  200  feet  long  and  10  feet  high,  and  the  pond  was  nearly  a  mile 
in  length.  The  water-shed  was  about  the  same  as  that  of  Split  Rock, 
but  the  power  could  not  have  been  more  than  one-third. 

At  Middle  Forge  the  efiective  storage,  including  Denmark  pond, 
^was  about  1.5  inches  upon  the  water-sbed,  which  is  10.1  square  miles 
in  area,  and  we  estimate  13.9  horee-power  on  the  16  feet  fall,  or  8ay  28 
liorse-power  during  working  hours.  At  Denmark  the  efiective  pond- 
age was  about  3  inches  upon  the  water-shed  of  4.5  square  miles,  and 
the  fall  being  30  feet,  13.6  continuous,  or  27  horee-power  during 
^working  hours,  must  have  been  available  throughout  an  ordinary  dry 
year.  It  would  appear  that  for  these  forges  upon  the  Rockaway 
^water-shed  in  the  neighborhood  of  30  groes  horse-power  was  aimed 
at  as  the  available  power.  The  number  of  sites  developed  for  this 
purpose  seems  to  have  been  37,  3  of  which  were  for  furnaces  and  34 
for  forges,  according  to  the  1850  edition  of  Gordon's  map.    There 

are  24  mills  also  using  water-power,  making  61  establishments  in  all. 

All  of  the  sites  now  in  use  were  developed  before  that  date,  and 

probably  most  of  them  before  1830. 
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WHIPPANY  BIVEB. 

The  next  branch  to  the  soathward  is  the  Whippany,  which  rises 
near  Mt.  Freedom,  aboat  six  miles  west  of  Morristown^  and  flows  a 
little  north  of  east,  joining  the  Rockaway  less  than  a  mile  above  its 
junction  with  the  Passaic.  The  water-shed  is  71.1  square  mileS|  of 
which  25.4  square  miles  above  Morristown  is  in  the  Highland  region. 
The  remainder  lies  almost  entirely  upon  the  red  sandstone  within  the 
Central  Passaic  valley.  This  portion  is  covered  with  large  beds  of 
drift,  being  crossed  by  the  terminal  moraine.  The  largest  branch  of 
the  Whippany  is  Troy  brook,  draining  15.2  square  miles.  The 
Whippany  is  said  to  carry  a  good  deal  of  sediment  in  floods.  We 
have  no  measurements  of  the  maximum  flow,  but  indications  point  to 
about  40  cubic  feet  per  second  per  square  mile,  or  about  the  same  as 
the  Rockaway.  The  minimum  flow  at  Whippany  is  probably  not 
less  than  0.17  cubic  feet  per  second  per  square  mile,  while  above  Mor- 
ristown it  is  probably  somewhat  less.  Table  No.  52  will  be  safe  to 
apply  to  this  for  dry-season  flow,  but  evaporation  is  probably  greater, 
and  the  total  run-off*  will  agree  more  closely  with  Table  No.  63. 

Water-supply. — The  population  upon  the  Whippany  water-shed  is 
large  and  increasing.  The  stream  is  not  well  adapted  to  become  a 
source  of  water-supply,  although  some  of  the  smaller  branches  may 
afford  good  local  supplies  of  limited  amount. 

Water-power. — A  considerable  amount  of  power  is  in  use  upon  the 
Whippany,  and  seems  to  have  been  improved  at  a  very  early  date. 
There  was  a  forge  site  at  Whippany  about  1710.  In  1850  all  the 
sites  which  are  now  in  use  seem  to  have  been  improved.  We  esti- 
mate the  power  at  Whippany  to  be  2.75  horse-power  per  foot  fall, 
and  at  Speedwell  lake  1.70.  We  find  4.3  horse-power  improved  at 
Whippany,  and  even  higher  at  some  mills,  the  average  being  about  6 
horse-power.  The  pondage  is  good,  there  being  a  succession  of  quite 
large  mill-ponds.  At  Morristown  two  mills  use  3.75  horse-power 
per  foot  fall.  Of  the  140  feet  fall  from  Morristown  to  Whippany, 
124  is  in  use,  so  that  the  stream  seems  to  be  fully  developed. 

MOBBIS  CANAL. 

This  is  one  of  the  important  hydraulic  works  of  the  State,  and 
deserves  some  attention  in  this  connection,  although  the  amount  of 
business  carried  on  is  much  less  than  formerly.    It  was  built  by  the 
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is  Canal  and  Banking  Company,  being  completed  in  AagOBt, 

It  is  aboot  102  milee  in  length,  beginning  at  Jersey  City,  and 

ing  thence  throagh  Newark,  Paterson,  Boonton,  Dover,  Hacketts- 

and  Washington  to  the  Delaware  river,  at  Phillipsbnrg,  where 
meets  with  the  Lehigh  Coal  and  Navigation  Company's  canal, 
wing  the  Lehigh  river  to  Maaoh  Chunk.  It  was  designed  for 
sarrying  and  local  trade.  Its  sammit  level  is  913  feet  above 
I  tide,  and  is  near  Lake  Hopatcong,  from  which  the  canal  derives 
'ater-sapply.  The  Delaware,  at  Easton,  is  aboat  156  feet,  so 
Gi  boat  in  crossing  the  State  is  moved  vertically  a  total  distance 
672  feet.  The  ascent  from  Jersey  City  to  Lake  Hopatcong  is 
nplished  by  12  inclined  planes  and  16  locks,  and  the  descent  to 
ware  river  by  11  planes  and  7  locks.  These  planes  are  inclined 
ays.  A  cradle  descends  to  the  bottom  of  the  canal  so  that  a 
can  be  floated  into  it  and  secured,  then  the  cradle  is  haaled  by  a 

operated  by  water-power  to  the  next  level  above.  The  wheels 
se  to  operate  these  planes  are  the  simplest  kind  of  reaction 
Is.  They  are  osaally  operated  ander  a  head  somewhat  less  than 
Dtal  lift  of  the  plane.  The  following  table  gives  the  distances 
le  locks  and  planes  from  Jersey  City,  and  the  elevation  of  the 
'al  levels  of  the  canal  taken  from  field  notes  of  the  topographical 
jy: 

HEIGHTS  AND  DISTANCES  ON  MORRIS  CANAL. 

Distance.       Elevation. 
Miles.  Feet. 

Head  of  Locks  18, 17, 16,  at  Newark 12  30.4 

Plane  12,  at  Newark 13  100.4 

Lock  15,  above  Newark 18.9  109.5 

Lock  14,  Dear  Bloomfield 119.8 

Plane  11,  n^ar  Bloomfield 19  173.7 

Pompton  Feeder,  Mountain  View 35.2  174.9 

Lock  13,  near  Pompton  River 181.7 

Plane  10,  near  Pompton  Biver 38.3  237.9 

Plane  9,  Montville  322 

Plane  8,  Montville 42.5  388 

Lock  1^  near  Boonton  Falls 43.6  398.9 

Plane  7,  Boonton  Falls 44.1  480.7 

Lock  11,  Boonton 44.5  489.6 

Locks  10,  9,  Powerville. 45.5  504.5 

Lock  8,  Denville 48  511.8 

Plane  6,  Rockaway 50.6  663.1 

Locks  7,  6,  at  Dover 54.2  681.2 

Locks  5,  4,  above  Dover 55  599.2 
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DSsUnce.      RleratioD. 
MUet.  Feet 

Head  of  Plane  5,  above  Dover 55.6  666Ji 

Lock  3,  near  Baker's  Mills 678.2 

Plane  4,  Baker's  Mil's. 57.6  726.4 

Locks  2,  1,  near  Drakesville 735.5 

Plane  3,  near  Drakesville. 61.1  783.5 

Plane  2,  Drakesville 61.4  868.6 

Plane  1,  Summit. 62.6  9ia 

Hopatcong  Feeder. 63.6  918 

Foot  of  Plane  1,  Great  Meadow 64.7  856.9 

Plane  2,  Stanhope 66  786.9 

Lock  1,  near  Sayres 774.7 

Plane  3,  near  Sayres,  Waterloo 67.8  719.7 

Plane  4,  Old  Andover 68.6  639.4 

Lock  2,  Guinea  Hollow,  Saxton  Falls. 71.7  680 

Plane  5,  near  Port  Murray 82.6  567.1 

Plane  6,  Monte  Rose,  Port  Golden 84.5  516.9 

Lock  S,  near  Monte  Rose,  Washington 606.8 

Plane  7,  Pohatcong 87.6  433.4 

Lock  4,  near  North  Village. 94.5  423.3 

Plane  8,  Hulsizers,  Stewartville 96.2  361.2 

Plane  9,  near  Lopatcong 92.7  261.8 

Plane  10,  near  Greene's  Mills 100.1  216.6 

Lock  5,  near  Greene's  Mills 208.2 

Locks  6,  7,  near  Greene's  Mills 190.2 

Plane  11,  Delaware  Biver,  Easton 102.3  166.2 

The  width  of  the  canal  at  sarfaoe  is  generally  about  40  feet^  at  bot- 
tom 25  feet,  and  the  depth  is  5  feet  At  Little  Falls^  the  Passaic  is 
crossed  by  a  &tone  aqueduct  bridge  about  45  feet  high.  The  Pomp- 
ton  is  crossed  by  a  low  aqueduct.  At  Powerville,  the  canal  locks  its 
boats  into  and  out  of  a  pond  in  the  river,  so  that  the  flow  of  canal 
and  river  is  commingled,  and  at  the  head  of  Boonton  plane,  the  canal 
is  used  for  a  short  distance  as  a  head-race  for  the  water-power  of  the 
J.  Couper  Lord  estate,  the  whole  flow  of  the  river  being  taken  into 
the  canal  during  dry  seasons.  The  owners  of  this  water-power  are 
entitled  to  all  of  the  flow  of  the  canal  at  this  point,  excepting  what  is 
needed  for  purposes  of  navigation  between  here  and  Pompton  feeder. 
Near  Denville,  the  Bockaway  is  again  crossed  by  an  aqueduct  bridge^ 
and  at  Dover,  boats  are  locked  into  the  river  and  the  flow  is  again 
commingled.  On  the  western  slope,  the  canal  and  Musconetoong 
river  are  much  commingled  until  Saxton  Falls  is  reached,  but  from 
this  point  to  the  Delaware  no  streams  are  taken  into  the  canal 
excepting  some  minor  branches  of  the  Musconetcong  and  Pohatcong, 
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nd  also  LopatcoDg  creek.  The  boats  ased  upon  the  canal  have  a 
3Dgth  over  all  of  aboat  87  feet,  and  a  width  of  10  feet  6  inches. 
?he7  weigh,  empty,  from  16  to  19  tons,  and  their  loads  average 
1  tons. 

The  canal  is  sapplied  with  water  from  Lake  Hopatoong  at  the 
ammit,  which  has  25.4  Eqaare  miles  of  drainage  area  and  storage 
moiinting  to  aboat  18.5  inches  on  the  water-shed,  by  a  feeder  about 

mile  in  length,  which  is  navigable,  and  at  the  head  of  which  boats 
say  be  locked  into  the  lake.  Before  the  building  of  the  railroad  to 
>ake  Hopatoong,  connecting  with  the  Ogden  Mine  railroad,  there 
rere  ore  docks  at  Nolan's  point  on  the  lake,  2.6  miles  above  the  out- 
st,  and  the  canal  received  a  considerable  amount  of  freight  from  this 
oint  Lake  Hopatoong,  at  14  inches  per  annum  on  its  water-shed, 
^oold  furnish  26.16  cubic  feet  per  second  continuously,  or  in  ordinary 
Iry  years,  31.8  cubic  feet  per  second  could  be  drawn.  On  the  Mus- 
osetcong,  below  the  lake,  is  Stanhope  reservoir,  also  used  to  supply 
be  Morris  canal.  It  has  an  area  of  339  acres  and  a  water-shed, 
scdnsive  of  that  of  Lake  Hopatoong,  of  4.9  gquare  miles,  and  it 
roald  fu]:ni8h  5.05  cubic  feet  per  second.  Messrs.  Croes  and  Howell 
bitte  that  the  Stanhope  mill  has  rights  to  a  flow  from  these  water- 
beds,  and  that  an  opening  of  10  by  36  inches  is  kept  for  the  purpose 
^  sopplying  the  mill.  We  are  unable  to  verify  this,  but  found 
o  evidence  of  such  an  opening  at  Stanhope.  Such  an  opening 
Oder  3  feet  head  would  deliver  about  20  cubic  feet  per  second, 
''bioh  would  be  a  very  large  proportion  of  the  whole  available  flow. 

Sear  pond,  on  a  branch  of  Lubber^s  run,  is  another  reservoir  of 
^e  canal,  having  an  area  of  38  acres  and  a  drainage  area  of  0,58 
l^nare  mile.  It  can  be  drawn  down  12  feet,  and  will  furnish  0.6 
^VAc  feet  per  second,  or  0.7  in  an  ordinary  dry  y(ar.  Cranberry 
^aervoir,  on  another  branch  of  Lubber^s  run,  has  an  area  of  154 
C2res,  a  water- shed  of  3.02  square  miles,  and  will  furnish  3  cubic  feet 
■or  second  in  the  driest  year,  3.5  in  an  ordinary  dry  year.  Green- 
wood lake  is  another  important  reservoir  of  the  canal  which  we 
^veidready  described  in  our  treatment  of  Wanaque  river.  At  14 
iQdieB  per  annum  upon  its  water-shed  it  will  furnish  28  cubic  feet 
per  second.  In  an  ordinary  dry  year  34  cubic  feet  may  be  drawn. 
These  figures  are  all  for  continuous  draught  throughout  the  year. 
The  season  of  navigation  is  usually  not  more  than  7  months,  but  the 

18 
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tsanal  remains  fall  daring  the  winter^  althoagh  the  draught  isy  of 
tK>arsey  mach  lighter. 

The  water  from  Greenwood  lake  flows  down  the  Wanaqae,  and 
Pompton  feeder  draws  its  water  from  a  pond  which  reoeives  also  the 
flow  of  the  Ramapo  and  Pequannock.  This  feeder  is  navigable,  and 
the  Ramapo  river  is,  also,  ap  to  Pompton  Steel  Works,  and  the  canal 
delivers  freight  at  this  point.  The  feeder  is  4  miles  long,  oonnectbg 
with  the  canal  proper  at  Mountain  View,  on  the  east  bank  of  the 
Pompton  river.  At  the  head  of  Pompton  feeder  oar  gaugings  show 
a  draught  of  from  40  cubic  feet  per  second  in  November  to  49.5 
cubic  feet  per  second  in  September,  and  observations  indicate  a 
draught  of  about  50  cubic  feet  per  second  for  July,  August  and  Sep- 
tember, 40  cubic  feet  for  October,  November,  May  and  June,  and  30 
cubic  feet  per  second  from  December  to  April,  making  the  average 
about  38  cubic  feet  per  second  for  the  year.  At  the  aquedact  at 
Mountain  View,  which  is  just  west  of  the  mouth  of  the  Pompton 
feeder,  we  have  observed  that  the  flow  varies  from  0  to  18  cubic  feet 
per  second,  probably  averaging  8  cubic  feet  per  second,  which  is  the 
amount  required  for  lockage.  Messrs.  Croes  and  Howell,  in  December, 
1878,  observed  a  flow  of  62.83  cubic  feet  per  second  eastward  from 
Mountain  View.  It  will  be  noted  that  if  our  above  summer  draught 
to  Pompton  feeder  is  added  to  8  cubic  feet  through  the  aqueduct,  it 
makes  a  total  of  58  cubic  feet  per  second,  or  a  little  less  than  this 
gauging.  At  Little  Falls  aqueduct  our  gaugings  seem  to  indicate  a 
summer  flow  of  68,  and  a  winter  flow  of  47  cubic  feet  per  second. 

Our  gaugings  also  give  55  cubic  feet  per  second  flow  eastward  from 
Lake  Hopatcong  and  73.5  cubic  feet  per  second  drawn  through  Ho- 
patcoDg  feeder,  indicating  a  flow  westward  of  18.5  cubic  feet  per 
second.  Below  Saxton  Falls  the  average  opening  of  the  gate  drawing 
water  from  the  river  indicates  a  draught  of  36.4  cubic  feet,  to  which 
we  must  add  lockage  of  8  cubic  feet  per  second,  giving  a  total  of 
44.4.  At  Washington,  in  October,  1890,  we  observed  41.4  cubic  feet 
per  second. 

Most  of  the  water  used  by  the  canal  is  to  make  good  the  leakage. 
Owing  to  the  manner  of  construction  and  the  location  of  the  canal, 
which  is  largely  on  side  hills,  this  leakage  is  large,  and  may  be  seen 
throughout  the  length  of  the  canal,  running  away  in  small  rivulets 
to  the  streams.  Messrs.  Croes  and  Howell  made  measurements  in 
1878  and  1879,  indicating  a  leakage  of  1.74  cubic  feet  per  second 
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per  mile.  Thqr  also  eBtimated  that  the  amount  of  water  required  for 
lockage  at  Bloomfield  at  the  time  of  the  heaviest  known  traffioi  which 
aggr^ated  6,671  lockages  in  200  days,  woald  reqaire  a  continnoos 
flow  of  7.96  cubic  feet  per  second. 

We  have  made  stadies  of  the  plane  at  Washington,  which  has  a 
length  of  1,000  feet  and  a  lift  of  73  feet,  and  represents  a  fair  aver- 
age of  the  planes  on  the  canal.    The  wheel  operating  the  plane  works 
under  a  head  of  47  feet.    Gaugings  of  the  flume  made  during  the 
passage  of  a  loaded  boat  show  that  484  gross  horse-power  was  used 
for  330  seconds  to  accomplish  the  lift.    To  haul  up  the  empty  cradle 
xequires  268  gross  horse- power  used  248  seconds.    This  indicates  the 
use  of  about  283  horse-power  330  seconds  to  haul  up  the  loaded  boat 
^lone,  the  weight  of  which  was  90  tons,  and  indicates  the  efficiency 
of  the  wheel  to  be  only  about  30  per  cent.     Probably  it  is  actually 
somewhat  higher  than  this  if  working  continuously.     If  we  suppose 
^that  the  lockages  noted  above  at  Bloomfield  were  one-half  loaded 
1)oat8  going  eastward,  and  one-half  empty  boats  going  westward,  we 
:£nd  that  on  the  west  slope  of  the  canal  this  amount  of  traffic  would 
-^require  6.4  cubic  feet  per  second  of  flow  to  operate  the  plane.    The 
'total  lift  of  the  planes  being  691  feet,  424  gross  horse-power  con- 
itinuous  must  have  been  used  in  all.     On  the  east  slope  about  60  per 
-<»nt  of  the  power  per  foot  fall  used  on  the  western  slope  would  be 
required,  and  the  total  lift  of  the  planes  is  758  feet,  so  that  the  total 
']x>wer  used  here  would  be  280  horse-power  continuous,  making  a  total 
^3f  704  horse-power  used  to  operate  the  canal  during  the  season  of 
lieaviest  traffia    This  amount  of  horse- power  does  not  appear  in  our 
^teble  in  the  appendix  of  developed  water-power.     It  will  be  noted 
"^ibat  the  amount  of  water  used  by  the  planes  is  considerably  less  than 
^at  estimated  for  lockages  by  Messrs.  Croes  and  Howell.    The 
«ibove  8  cubic  feet  per  second  required  for  lockage  must  be  allowed 
~4br  throughout  the  whole  extent  of  the  canal. 

From  Hopatcong  feeder  to  Saxton  Falls,  in  the  Musconetcong 

valley,  we  have  seen  that  the  canal  and  river  flows  are  commingled, 

-cuid  the  leakage  of  the  canal  flowing  into  the  river  is  used  again  for 

the  canal.    From  Saxton  Falls  to  the  Delaware  is  30.6  miles,  and 

the  leakage  at  1.74  cubic  feet  per  mile  amounts  to  18.44  cubic  feet 

per  second,  making  26.4  cubic  feet  per  second  for  leakage  and  lockage 

^combined.    This  is  17.8  cubic  feet  in  excess  of  what  we  have  noted 

4bove  as  the  supplying  capacity  of  Stanhope  reservoir  and  Bear  pond 
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and  Cranberry  reservoirs  combined.  Oar  gangings  show  18.6  cabio 
feet  per  second  drawn  westward  from  Lake  Hopatooog.  From  Lake 
Hopatoong  eastward  to  Pompton  feeder  is  28.3  miles,  and  the  leakage 
and  lockage  combined  amount  to  57.2  cabic  feet  per  second,  agreeing 
well  with  our  gaugings,  which  show  55  cubic  feet.  From  the  head 
of  Pompton  feeder  to  Newark  the  distance  is  27.2  miles  and  the 
leakage  48.3  cubic  feet  per  second.  It  is  to  be  noted  that  the  lockage 
in  this  case  is  provided  for  by  the  average  amount  flowing  through 
Pompton  aqueduct,  so  that  the  above  leakage  is  all  that  must  be 
actually  furnished  from  Pompton,  and  this  agrees  quite  closely  with 
our  gaugings  of  summer  flow.  If  the  canal  had  to  rely  entirely  upon 
its  reservoirs  above  noted,  it  would  appear  that  there  must  be  a 
shortage  of  water  during  the  driest  period,  but  the  opportunities 
aflbrded  at  various  points  for  drawing  from  other  streams  make  it 
improbable  that  these  reservoirs  are  the  sole  reliance.  They  could 
readily  be  made  to  furnish  all  of  the  water  required  during  an  ex- 
tremely dry  time,  but  whenever  the  various  streams  furnish  a  suffi- 
ciently large  flow  to  admit  of  it  without  interfering  with  the  rights  of 
other  users  of  the  water,  the  draught  from  the  reservoirs  could  be 
very  much  diminished,  so  that  we  cannot  gather  from  the  use  of 
these  reservoirs  upon  the  Morris  canal  any  warrant  for  supposing  a 
larger  total  amount  of  water  collected  than  we  have  estimated  in  our 
tables. 

RED  SANDSTONE  STREAMS. 

We  now  come  to  a  class  of  streams  which  difier  in  a  marked 
degree,  in  all  important  respects,  from  those  of  the  Highlands.  The 
average  elevation  of  the  Highlands  may  be  taken  at  about  850  feet^ 
while  that  of  the  Red  Sandstone  plain  does  not  exceed  200.  This 
difference  in  elevation  alone  would  account  for  a  difierence  of  about 
2  degrees  in  mean  temperature.  Our  table  of  mean  annual  tempera- 
ture shows  an  actual  difference  of  3.2  degrees,  corresponding  to  an 
increase  of  16  per  cent,  in  evaporation,  and  this  is  about  the  amount 
of  difference  in  evaporation  actually  shown  between  the  gaugings  of 
the  Pequannock  and  those  of  the  Hackensack  and  Raritan.  The 
position  of  the  Red  Sandstone  plain  will  be  best  understood  by  refer- 
ence to  a  geological  map  of  the  State.  It  presents  two  distinct  types 
of  topography,  the  glaciated  and  the  unglaciated,  the  former  being 
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to  the  northward  of  the  moraine  line,  which  runs  through  Morris- 
town,  Plainfield  and  Perth  Amboy,  is  heavily  covered  with  drift,  and 
has  about  30  per  cent  of  its  area  forested,  some  of  this  being  the 
heaviest  timber  in  the  State.  The  southwestern  portion  of  the  plain 
has  practically  no  sand  or  gravel,  and  only  12  per  cent,  in  forest,  is 
highly  cultivated  and  largely  under-drained,  having  practically  none 
of  the  marshy  areas  of  the  glaciated  portion.  Saddle  river,  the 
Hackensack,  Elizabeth  and  Bahway  rivers  have  their  water-sheds 
upon  the  glaciated  portion,  while  the  Raritan  and  a  few  minor 
branches  of  the  Delaware  drain  the  remainder.  These  latter  streams 
carry  a  large  amount  of  silt,  the  soil  being  highly  soluble,  and  the 
red  color  gives  them  an  especially  objectionable  appearance  during 
floods.  The  northeastern  streams  receive  a  large  portion  of  their 
waters  after  they  have  been  filtered  through  the  sands  and  gravels, 
and  are  somewhat  less  muddy,  although  by  no  means  free  from  this 
objection.  We  present  herewith  three  tables  representing  different 
types  of  flow.  No.  54  is  based  upon  the  flow  of  the  Hackensack,  to 
which  it  especially  applies,  but  is  also  applicable  to  the  Elizabeth  and 
Bahway.  No.  65  applies  to  the  larger  streams  of  the  Lower  Raritan 
water-shed,  and  No.  56  to  some  of  the  smaller  branches  of  the 
Raritan  and  the  Delaware.  Saddle  river  belongs  to  this  class  of 
streams,  but  has  already  been  considered  under  the  Passaic  water- 
shed, and  being  somewhat  peculiar  in  its  position  and  topography, 
we  have  considered  it  best  to  apply  to  it  Table  No.  53. 
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HACKEN8ACK  BIVEB. 


The  Haokensack  rises  near  Haverstraw,  in  Rockland  ooanty.  New 
Tork|  and  flows  dae  south,  emptying  into  the  head  of  Newark  bay, 
about  34  miles,  in  a  direct  line,  from  the  source.  The  total  area 
drained  is  201.6  square  miles,  of  which  64.1  lies  in  the  State  of  New 
York.  The  river  is  tidal  and  navigable  to  New  Milford,  20  miles 
from  the  mouth.  The  lower  part  of  the  water- shed  is  occupied  by 
tidal  meadows  4  miles  wide  by  10  miles  long,  and  having  an  area  of 
19,846  acres.  These  meadows  are  generally  only  two  or  three  inches 
above  the  level  of  high  tide.  They  occupy  the  entire  width  of  the 
lower  water-shed,  excepting  less  than  a  mile  on  either  border.  Above 
the  head  of  tide  at  New  Milford  the  water-shed  includes  1 14.8  square 
miles,  and  of  this  about  60  per  cent,  is  in  forest  By  the  census  of 
1880,  the  population  was  216  to  the  square  mile  for  the  whole  water- 
shed, and  125  for  the  portion  above  New  Milford.  This  is  a  subur- 
ban population  distributed  in  a  number  of  small  villages,  and  is 
steadily  increasing.  The  water-shed  is  heavily  covered  with  drift, 
sand  and  gravel,  especially  in  the  flatter  portions  of  the  valley. 
There  is  also  a  little  marshy  land  near  the  streams,  including  about  3 
per  cent,  of  the  whole  area.  The  only  natural  lake  of  any  size  is 
Rockland  lake,  in  New  York,  within  half  a  mile  of  Hudson  river. 
It  is  1.75  miles  wide  by  2  miles  long.  There  are  quite  a  number  of 
good-sized  mill-ponds  along  the  stream  and  its  branches.  The  general 
elevation  of  the  water- shed  ranges  from  0  to  400,  and  averages  about 
200  feet  A  trap  ridge  forms  the  eastern  and  northern  boundary^ 
and  throughout  the  entire  distance  from  Jersey  City  to  Haverstraw, 
the  Hackensack  drainage  extends  to  within  half  a  mile  of  the  west 
bank  of  Hudson  river.  The  accompanying  table  of  gaugings  has 
been  compiled  from  data  furnished  by  Charles  B.  Brush,  C.E.,  and 
from  rainfall  records  of  the  United  States  Weather  Service : 
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FLOW  or  HACKEMaACE  BITXB  AT  MKW  IttLTOBS. 

DniiMge  uea,  114J  squue  milei. 


1 

i 

1 
1 

FLOW  IS  CUBIC  FEBT  rsK 

MONTH. 

o 

i 

t 

< 

igeo. 
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2  BO 
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MarchZ.:;:  ■■:■': 

M^r.":::::":':::::::::::::': 

360 

Noyember 

207 

isgi. 

Much 

Mky ..:::.:::.::::::::::::::;:; 

^Siiv:::::::;;::;;::::;:.::-;::..:;:; 

63 

79 

NoreiBber               

94 

]892, 

M«XTr: 
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lUlu— iDcbes.   FloiT— InchM. 


January,  1890,  to  December,  1890 53.79 

June  1890,  lo  Maj,  1891 53.08 

December,  1890,  lo  Kovember,  1891 41.86 

June,  1891,  to  May,  1892 38.43 

Year  ending  October,  1884 44.84 

Year  ending  October,  1885 41.70 

Year  ending  October,  1886 44 

Year  ending  October,  1887 48.09 

Year  ending  October,  1888 62.62 

Year  ending  October,  1889 57.74 

Year  ending  May,  1891 53.08 

Year  ending  May,  1892 38.43 


32.41 
25.96 
17.56 
18.31 


WATER-SUPPLY.  20$ 


Average  exoees  of  evaporation  over  that  given  by  the 
fonnola  (J^eqaals  15.60  plos  0.16  12)  is  3.8  per  cent 

We  have  no  observations  of  mazimam  flow,  bat  the  following 
ahows  how  the  highest  observed  summer  and  winter  maxima  com- 
pared with  those  upon  the  Baritan,  Bamapo  and  Passaic  at  the  same 
time. 

llAXnCUM  FLOW  IN  CUBIC  FEBT  PER  SECOND  FEB  SQUARE  MILE. 

May,  1890.       October,  1890.       January,  1801.. 

Hackenaack 4.9  4.7  17.3 

Raritan 4.6  8.1  27 

Ramapo 4.8  6.2  28.6 

Paoaic 3.6  41  12.4 

The  Jannary  flow  is  seen  to  be  larger  than  the  Passaic,  but  thi» 
may  only  mean  that,  because  of  the  higher  temperature,  the  snow  and 
ice  were  melting  more  rapidly  upon  the  Hackensack.  The  compari- 
son with  the  Baritan  is  fairer,  and  shows  considerably  less  flow.  The 
summer  maxima  did  not  difier  much  from  the  Raritan  and  Bamapo. 
It  is  not  probable  that  the  maximum  flood-flow  on  the  lower  part  of 
the  water- shed  exceeds  40  cubic  feet  per  second  per  square  mile. 
The  minimum  shown  in  the  above  table  is  0.19  cubic  feet  per  second 
per  square  mile.  This  was  for  a  single  day,  and  may  easily  have 
been  due  to  the  holding  back  of  water  in  some  of  the  mill-ponds. 
It  does  not  appear  probable,  from  a  study  of  the  records,  that  the 
natural  flow  falls  much  below  0.26  cubic  feet  per  second  per  square 
mile.  The  ground- water  curve,  shown  in  Plate  YI.,  was  deduced  from 
these  gaugings,  and  shows  a  high  rate  of  flow,  decreasing  quite  rapidly, 
however,  at  times  of  extreme  depletion  of  the  ground-water.  It  is 
probable  that  this  rapid  decrease  takes  place  at  about  the  time  that 
the  ground- water  becomes  nearly  exhausted  from  the  beds  of  gravel. 
The  ground-flow  appears  to  be  very  similar  to  that  shown  by  the 
higher  water-sheds  of  southern  New  Jersey,  such  as  the  Batsto. 
Table  No.  64  is  based  upon  this  stream,  and  is  especially  applicable. 
Water- supply. — The  Hackensack  Water  Company,  Be-organized, 
supplies  Hoboken,  Hackensack,  and  several  other  towns  from  this 
stream  by  pumping  at  New  Milford.  The  storage  is  only  trifling  in 
amount,  excepting  as  that  afibrded  by  the  chain  of  mill-ponds  above 
is  available.  This  company  reports  an  average  draught  of  6,900,000 
gallons  daily.  At  0.25  cubic  feet  per  second  per  square  mile  the 
minimum  yield  of  the  stream  at  New  Milford,  flowing  naturally^ 
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woald  be  18,600,000  ^j^alloDB  daily.  With  storage  equal  to  4.9 
inches  on  the  water-shed,  the  available  sapply  wonld  be  66,600,OOL-^  ^ 
gallons  daily.  Sites  for  this  storage  coald  probably  be  fonnd  withont"  .^ 
difficulty  upon  the  water-shed.  The  water  is  aSrated  before  osing 
The  stream  is  said  not  to  get  as  muddy  as  other  red  aandsto; 
streams. 

Wdter-pmoer. — ^The  Hackensack  is  considerably  used  for  water — "rflr 
power,  but  the  fall  along  the  stream  is  quite  moderate.  It  has  the^^  -^< 
reputation  of  being  very  steady  during  dry  weather,  with  a  well —  -Kl 
sustained  flow.  We  estimate  the  power  at  New  Milford  at  8.4  horse — 
power  per  foot  fall  during  9  months  of  the  ordinary  dry  year.-. 
Pascack  creek,  the  largest  tributary,  drains  28  square  miles,  and  th 
Hackensack,  above  the  junction  with  the  Pascack,  58  square  miles.  ^ 
At  Harrington  Park  the  available  power  is  4.2  horse-power  per  foot 
fall,  at  River  vale  3.8  horse-power,  and  from  8  to  12  horse-power 
is  improved  at  these  points,  the  pondage  being  good.  The  Pascack 
at  Hopper's  mill,  at  Westwood,  gives  1.97  horse-power  per  foot  fall. 
Musquapsink  creek  drains  7  square  miles,  and  above  this  branch  the 
power  of  Pascack  creek  is  1.46  horse-power  per  foot  falL  These 
water-powers  on  the  Hackensack  are,  some  of  them,  probably  nearly 
two  centuries  old,  having  been  developed  for  saw  and  grist  mills  at 
an  early  date. 

Drainage  works  — Some  attempts  have  been  made  in  the  past  to  re- 
claim the  tidal  meadows  on  the  lower  Hackensack.  Four  thousand  and 
forty-  five  acres,  bounded  by  Passaic  river,  the  Hackensack  and  Saw-mill 
creek,  were  embanked  and  partially  improved  by  the  New  Jersey  Land 
Reclamation  Company  about  1869,  but  the  undertaking  seems  to  have 
been  abandoned.  A  very  small  amount  of  drainage  is  received  by  these 
meadows  from  the  bordering  upland,  and  the  water  to  be  removed 
would  be  practically  only  what  falls  upon  the  meadows  themselves 
less  evaporation.  The  conditions  seem  to  be  favorable  to  their  im- 
provement, and  if  the  soil  should  be  found  adapted  to  market-garden- 
ing, they  would  become  valuable  because  of  their  nearness  to  markets. 
The  results  of  a  survey  of  these  meadows  will  be  found  in  the  annual 
report  of  1869.  These  surveys  show  that  from  about  the  line  of  the 
Newark  turnpike  northward  to  Saw-mill  creek  most  of  the  area  was 
an  old  cedar  swamp  bottom,  and  this  extends  in  a  narrow  strip  through 
the  center  of  the  meadow  to  a  point  near  Berry's  creek,  about  three- 
quarters  of  a  mile  above  its  mouth.    The  rest  of  the  underlying 
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material  is  maiDly  blae  mad,  some  of  which  inclades  peat,  and  the 
prevailiiig  depth  of  the  mud  is  about  10  feet,  but  in  places  it  is  more 
than  twice  this.  The  mareh  was  soanded  to  these  depths  by  a  slender 
iron  lod,  usually  put  down  by  the  strength  of  one  man,  but  some- 
times requiring  two,  indicating  generally  a  not  very  firm  material. 
It  was  concluded  at  that  time  by  the  late  Dr.  George  H.  Cook  that 
the  difficulties  to  be  encountered  in  the  drainage  of  theEe  meadows 
were  much  lees  than  those  met  with  in  Salem  county^  where  very 
considerable  areas  have  been  successfully  reclaimed. 

The  smaller  fresh- water  marshes  above  New  Milford  seem  to  be 
due  mainly  to  a  lack  of  fall  from  the  edge  of  the  marsh  into  the 
stream.  As  these  are  in  the  midst  of  a  fine  residence  district^  their 
drainage  is  to  be  desired  as  a  sanitary  measure.  Those  at  Closter, 
for  instance,  on  the  Tienekill,  have  a  fall  along  the  stream  of  ten  feet 
in  one  and  one*half  miles,  and  their  drainage  would  seem  to  be 
merely  a  matter  of  clearing  out  and  deepening  stream  channels.  In 
all  such  drainage  works,  where  marshes  are  bordered  by  banks  of 
gravel  discharging  large  amounts  of  ground-water,  provision  should 
be  made  to  intercept  these  waters  by  drains  along  the  foot  of  the 
bank  conveying  the  water  directly  into  the  main  channel.  The  satu- 
ration of  many  marshy  areas  is  due  mainly  to  this  free  discharge  of 
ground-water  into  the  marsh  along  its  whole  border.  There  being 
no  channel  for  such  water  to  reach  the  stream,  the  marsh  becomes 
saturated  with  the  water  seeking  an  outlet. 

ELIZABETH   BIVEB. 

This  stream  rises  in  the  city  of  East  Orange.  It  is  tidal  to  Eliza- 
beth and  navigable  for  small  craft.  Above  Elizabeth  the  area  of  the 
water*shed  is  19.4  square  miles,  and  it  is  heavily  covered  with  drift, 
especially  about  Salem  and  Union.  The  stream  is  of  comparatively 
little  importance,  excepting  that  it  is  used  as  a  source  of  water-supply 
for  the  city  of  Elizabeth.  Table  No.  64  is  applicable  to  the  flow  of 
this  stream.  It  shows  the  capacity  of  the  stream  in  the  driest  months, 
without  storage,  to  be  2,386,200  gallons  daily.  Elizabeth  at  present 
uses  3,600,000  gallons  daily,  but  a  portion  of  this  has  recently  been 
drawn  from  the  wells  at  Netherwood.  In  1890  the  average  con- 
sumption of  water  was  reported  to  be  2,500,000  gallons  daily,  and 
this  was  drawn  entirely  from  Elizabeth  river.    There  is  a  small 
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amoant  of  storage  at  Lake  Ursino,  which  is  the  reservoir  of  ih^^^^ 
water  works^  and  in  the  mill-ponds  above,  so  that. this  amoant  wa^K^u 
probably  readily  obtained. 

We  estimate  the  power  at  Salem  at  0.95  horse-power  per  foot  falLf  fll 
The  pondage  here  and  above  makes  the  2.2  horse-power  nsed  by  thc^^c^ic 
mill  there  always  available  daring  working  hoars. 

BAHWAY  BIVEB. 

The  east  branch  of  the  Rah  way  rises  in  the  city  of  Orange  and  the 
west  branch  between  First  and  Second  moantains,  and  the 
coarse  of  the  river  is  soathward.     From  the  scarce  to  the  moath  irr^S'M 
aboat  16  miles  in  a  direct  line.     The  river  is  navigable  to  Rah  way, 
which  is  the  head  of  tide,  aboat  9   miles  from  the  moath.    Th( 
Rah  way  proper  drains  41  sqaare  miles,  and  its  principal  branch,, 
Robinson's  brook,  drains  22.8   square  miles,  making  63.8  sqaare 
miles  for  the  total  water-shed  above  Rahway.    The  water-shed  has  a 
large  and  rapidly-increasing  population.     It  is  generally  well  covered 
with  glacial  drift.    Our  observations  indicate  a  minimum  flow  of  0.2 
cubic  foot  per  second  per  square  mile.     The  maximum  probably 
ranges  somewhere  between  40  and  50  cubic  feet  per  second  per  square 
mile. 

Water-mpply. — On  the  west  branch  of  the  Rahway  the  city  of 
Orange  has  a  storage  reservoir  between  First  and  Second  mountains 
having  a  capacity  of  375,000,000  gallons.  The  dam  is  an  earthen 
embankment  with  a  masonry  heart-wall,  and  is  875  feet  long  by  40 
feet  high.  The  drainage  area  tributary  to  this  reservoir  is  5  square 
miles  in  extent.  The  area  of  the  reservoir  is  64  acres.  The  storage 
amounts  to  4.5  inches  on  the  water-shed,  and  as  this  reservoir  has 
steeper  slopes  and  less  drift  than  the  main  river.  Table  No.  55  is  ap- 
plicable. We  find  that  this  reservoir  will  furnish,  in  the  driest 
period,  2,200,000  gallons  daily. 

The  city  of  Rahway  is  supplied  from  Rahway  river  at  a  point  just 
above  the  town,  by  pumping,  without  storage.  We  estimate  the  mini- 
mum flow  of  the  river  at  this  point  to  be  5,297,000  gallons  daily. 
This  water  is  said  to  be  naturally  very  satisfactory,  and  appears  to  be 
very  pure.  The  population  is  increasing  very  rapidly  upon  the 
water- shed,  and  the  lower  part  of  the  stream  is  not  likely  to  be  farther 
utilized  as  a  source  of  water-supply.     Some  of  the  smaller  oommuni- 
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ties  in  this  thiokly- settled  portion  of  the  State  might  poesibly  find  it 
well  worth  while  to  consider  the  plan  of  owning  outright  a  small 
^thering-gronnd  which  they  could  effectually  protect  from  contami- 
nation in  the  future.  Such  a  plan,  where  a  suitable  location  is  to  be 
had  doee  at  hand^  may  be  considerably  cheaper  than  going  to  a  dis- 
ianoci  and  offers  greater  security  against  pollution.  Some  of  the 
«niall  branches  of  the  Bahway  might  be  utilized  in  this  way,  and  in 
fact  many  of  the  smaller  water-sheds  which  are  largely  covered  with 
-drift  would  be  suitable  for  such  use,  as  such  land  is  usually  of  little 
Talne  where  it  is  not  becoming  a  residence  section.  As  instances,  we 
may  call  attention  to  Normahiggin  brook,  at  Branchville,  having 
4ibout  2  square  miles  of  drainage  area,  which  would  supply,  with 
•storage,  1,140,000  gallons  daily.  The  headwaters  of  the  south  branch 
of  the  Bahway  above  Iselin  embrace  an  area  of  7  square  miles,  with 
^m  ultimate  capacity,  with  storage,  of  3,997,000  gallons  daily.  Both 
of  these  areas  have  quite  a  large  proportion  of  forest. 

Water-power, — At  the  lowest  mill  site  on  the  Bahway  2.9  horse- 
power per  foot  fall  is  available  for  continuous  power,  and  this  site 
*with  10  feet  fall  is  not  at  present  occupied.  The  succession  of  ponds 
^bove  would  make  this  practically  6  horse-power  for  working  hours, 
or  60  horse- power  for  this  mill  site.  At  Cranford  we  estimate  2.7 
iiorse-power  available.  From  6.5  to  6  horse-power  per  foot  fall  is 
3n  use  between  these  ponds  during  working  hours.  Bobiuson's 
Iranch,  at  Bahway,  will  furnish  1.6  horse- power  per  foot  fall  during 
-^  months  of  the  ordinary  dry  year,  and  the  mill  here  uses  about  2 
iiorse-power. 

BABITAN  BIVEB. 

The  total  area  of  the  water-shed  of  this  stream  is  1,106.3  square 
iiiiles.  It  is  the  largest  stream  of  the  State,  excepting  the  Delaware, 
font  is  not  nearly  so  important  as  the  Passaic,  from  the  fact  that  no 
-ooosiderable  portions  of  the  waters  are  united  into  one  channel  until 
they  are  within  7  miles  of  the  head  of  tide- water,  and  but  17  feet 
above  sea-level.  The  Passaic  at  Little  Falls  unites  the  drainage  of 
772.9  square  miles  at  an  elevation  of  158  feet,  while  the  Baritan,  at 
Baritan,  has  but  468  square  miles,  at  an  elevation  of  49  feet,  and 
Bound  Brook  876  square  miles,  at  an  elevation  of  17  feet.  Never- 
theless, the  Baritan  iMtsin  is  a  productive  agricultural  section,  and  a 
large  amount  of  water-power  is  utilized  along  the  various  branches. 
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The  flood- flows  have  a  peooliar  interest  becaase  of  the  popolons  and 
highly-cultivated  condition  of  the  valleys,  which  renders  them  more 
destractive,  and  congeqnently  makes  a  knowledge  of  the  laws  govern- 
ing them  more  essential. 

The  water- shed  is  fully  described  in  the  physical  description  of  the 
State,  and  its  character  is  better  shown  by  a  study  of  the  topographic 
maps  than  it  can  possibly  be  by  any  written  explanation.  A  few 
facts  not  so  apparent  may  be  pointed  out,  however,  in  discussing  its 
flow.  There  is  little  ground-storage  anywhere  on  the  water-shed, 
excepting  on  the  Millstone,  part  of  which  is  a  sand-hill  stream,  with 
some  of  the  characteristics  of  southern  New  Jersey  streams;  bat 
enough  of  the  area  is  on  steep  trap  and  red  sandstone  slopes  to  give 
even  this  branch  a  pretty  high  rate  of  flood-flow.  Only  13  per  cent, 
of  the  shed  is  in  forest.  Of  the  879  square  miles  above  the  point  of 
gauging,  about  150  square  miles  area  b  on  a  highly-cultivated  part 
of  the  Highlands  and  on  the  trap  ridges ;  about  98  square  miles,  in- 
cluding the  water-shed  of  the  upper  Millstone,  is  on  the  flat  day  and 
marl  district,  and  the  remainder  on  the  low,  level,  red  sandstone  plain. 

The  central  portion  of  this  water-shed  is  highly  cultivated,  and 
quite  large  areas  are  almost  entirely  deforested.  The  forested  por- 
tions, which  are  embraced  in  the  13  per  cent,  above  noted,  lie  largely 
upon  the  trap  ridges.  The  river  is  tidal  to  a  point  about  2  miles 
above  New  Brunswick  and  is  navigable  to  that  city,  distant  about  12 
miles  from  the  mouth.  This  part  of  the  river  has  been  improved  by 
the  United  States  government.  The  depth  of  water  to  New  Bruns- 
wick is  about  10  feet  at  mean  tide.  South  river,  a  branch  of  the 
Raritan,  from  the  south,  about  7  miles  above  its  mouth,  is  also  navi- 
gable to  Old  Bridge.  The  table  of  gaugings  accompanying  are  the 
results  of  a  record  kept  at  the  Delaware  and  Raritan  canal  dam, 
about  5  miles  above  New  Brunswick,  by  William  Fisher : 
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>liOW  OF  THE  KABITAH  AT  BOL'KD  BBOOK,  18S0-S. 

Srainage  bt««,  879.0  square  miU*. 
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FLOW  or  TBE  SAUTXM  AT  BOUND  BBOOX,  1S90-3— Oontiniud. 
Diunag*  area,  879.0  square  mllea. 
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September  .. 
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innoBKB  or  days  thi  buotah  stood  at  oitxm  biaoeb  dubino  1,414  days. 
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in 


Flow  in  incbeB  on  water-flhed 
24  hoon.^ 

Flow  in  inches  per  month 

Flow  in  cnhic  feet  per  second  per 
square  mile. 


1890,  318  dATS. 

1891 

1892. 

1893. 


Averages*. 

PSssaic  averages — same  years 
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94 
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53 

86 
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*In  mafcipg  np  these  averages  the  figures  for  1890  have  been  Inoreased  16  per  oent.  to  make 
ihem  approximately  correct  for  a  full  year. 

Table  No.  55  of  flow  is  based  on  the  Raritan,  and  applies  especially 
to  this  stream.  In  the  above  table  showing  the  stages  of  the  Baritan, 
the  last  colamn  will  be  seen  to  correspond  to  the  monthly  flow  avail- 
able daring  9  months  of  the  ordinary  dry  year,  as  shown  in  Table 
No.  65.  The  previous  column  corresponds  to  the  same  figures  for 
tiie  Passaic  as  shown  by  Table  No.  63,  and  it  will  be  noted  that  dur- 
ing these  two  years  the  actual  number  of  days  at  which  the  Baritan 
stood  above  this  stage  agrees  closely  with  the  number  of  days  that 
tiie  Passaic  stood  above  its  corresponding  stage.  Our  17  years' 
record  on  the  Passaic  showed  that,  taking  the  flow  by  days,  the  flow 
available  for  9  months  of  an  ordinary  dry  year,  as  computed  by  us, 
was  really  available  for  9  months  in  the  year  on  an  average  through- 
out the  whole  period.  The  above-noted  resemblance  shows  that  the 
Baritan  also,  when  taken  by  days,  gives  the  available  flow  for  9 
months  of  an  ordinary  dry  year  on  an  average  9  months  in  the  year. 
On  these  tables,  and  similar  tables  for  other  streams,  we  have  based 
our  conclusions  that  our  estimated  available  horse-power  is  really 
available*on  an  average  9  months  in  the  year.  It  will  be  noted  that 
this  does*not  agree  exactly  with  our  computed  flow  for  an  average 
year,  which  shows  the  flow  for  9  months  somewhat  in  excess  of  the 
flow  for  9 ^months  of  an  ordinary  dry  year.  The  reason  of  this  is 
that  the  average  year,  as  we  have  previously  remarked,  is  not  a 
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natural  year^  but  it  really  eliminates  the  dry  period  whioh  is 
sure  to  oocur  during  some  part  of  every  year. 

The  minimum  flow  of  the  Raritan  was  observed  by  the  late  AshbeMj^^^ 
Welch,  C.E.y  at  the  Delaware  and  Raritan  canal  dam,  during  a  v< 
dry  time,  to  be  180  cubic  feet  per  second.    Our  table  above  shows 
minimum  of  122  cubic  feet  per  second,  which  is  at  the  rate  of  O.I 
cubic  feet  per  second  per  square  mile,  and  this,  we  have  reason  to 
lieve,  is  pretty  close  to  the  absolute  minimum  for  24  hours. 

The  flood  discharge  of  the  Raritan  is  at  a  very  high  rate,  and  th( 
stream  is  a  fluctuating  one.  This  is  no  doubt  partly  chargeable 
deforestation,  but  the  lack  of  gravels  and  sand  upon  the  water-shed, 
and  the  consequent  small  ground-storage,  also  contribute.  The 
of  the  water-shed,  too,  has  a  good  deal  to  do  with  this  result.  Thia^MMii 
is  such  that  all  the  upper  branches  focus  at  a  point  near  BoundE^^c^ic 
Brook  and  discbarge  their  flood-flows  almost  simultaneously,  insteadE^.tfaK 
of  delivering  one  at  a  time,  as  is  the  ease  of  long,  narrow  water-shedi^E^ 
when  the  branches  are  pretty  evenly  distributed  along  the  maingnr  ^b 
stream.  The  following  table  of  floods  which  occurred  during  fowr^M:^^i 
years  covered  by  the  gaugings  gives  a  good  indication  of  their  fi 
quency.  The  river  is  just  about  bank-full  at  7,000  cubic  feet 
second  discharge  at  the  point  of  gauging,  and  nothing  less 
8,000  cubic  feet  per  second  would  be  regarded  as  really  a  freshet : 


FLOODS  ON  THE  RARITAN  OVER  BANK-FULL  FROM  1890  TO  1893 — F0X7B  YEARS. 

Maximum  Cubic  Feet 

Date.                                                          I>er  Second.  Dnratioii. 

March  23d,  1890 17,818  5  days. 

October  24th,  1890 7,133  1  day. 

December  18th,  1890 7,526  1  day. 

January  12th,  1891 16,167  1  day. 

January  23d,  1891 23,746  1  day. 

March  10th,  1891 10,142  1  day. 

March  13th,  1891 7,895  1  day. 

March  24th,  1891 7,131  1  day, 

December  25th,  1891 7,654  1  day. 

January  3d,  1892 22,760  1  day. 

January  14th,  1892 12,514  2  daya, 

January  19th,  1892 7,126  1  day. 

June  lOth,  1892 10,927  1  day. 

November  16th,  1892 20,698  2  days. 
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Maximam  Cubic  Feet 

Date.  per  Second.  Duration. 

January  2d,  1893 12,614  2  days. 

April  16th,  1893 8,448  1  day. 

April  2l8t,  1893 10,091  2  days. 

May  4tli,  1893. 10,987  3  days. 

Noyember  6th,  1893. 7,362  1  day. 

December  4th,  1898 7,166  1  day. 


floods  over  8,000  cubic  feet  per  second  in  the  above  list, 
which  happens  to  be  the  same  minimom  used  for  the  table  of  floods 
on  the  Passaic  on  a  slightly  smaller  water-shed,  we  find  in  all  13 
floods  during  4  years,  one  ranging  as  high  as  23,746  cubic  feet  per 
second.  During  the  same  period  there  were  but  5  on  the  Passaic, 
and  the  highest  of  these  had  a  maximum  discharge  of  11,701  cubic 
feet  per  second.  As  the  total  discharge  of  the  Raritan  in  inches  on 
its  water-shed  during  this  period  was  less  than  that  of  the  Passaic, 
this  gives  a  good  illustration  of  the  fluctuating  character  of  the  flow 
from  the  Raritan  water- shed.  The  following  supplementary  table 
gives  the  list  of  floods  from  1873  up  to  the  b^inning  of  our  gaugings, 
mostly  collected  by  Mr.  D.  H.  McLaury,  of  New  Brunswick,  and 
although  not  complete,  gives  some  assistance  in  forming  an  idea  of 
their  frequency  and  relative  height  for  recent  years.  Heights  are 
given  above  high-tide  mark  at  Albany  street  bridge,  or  in  some  cases 
at  the  Raritan  Landing  bridge,  and  some  idea  of  the  corresponding 
rise  above  may  be  gained  from  the  rise  in  1882,  which  was  12  feet  at 
New  Brunswick,  18  feet  at  Raritan  Landing,  14.2  feet  on  the  canal 
dam,  and  about  16  feet  at  Bound  Brook.  A  rise  of  13  feet  at  Raritan 
Landing  corresponds  to  a  flow  of  52,000  cubic  feet  per  second,  of  8 
feet  to  24,000  cubic  feet  per  second,  of  7  feet  to  18,000  cubic  feet  per 
Beoond,  and  of  4  feet  to  7,500  cubic  feet  per  second.  The  rise  at 
New  Brunswick  is,  at  the  most,  one  foot  less,  ranging  down  to  about 
the  same  at  lower  stages : 

FLOODS  ON  THE  RARITAN  AT  NEW  BRUNSWICK. 

Date.  Height  in  Feet  Remarks. 

July  30, 1873 4.25 Rain,  594  inches,  from  27th  to  29th. 

Angnst        14, 1873 4.50 5.29  inches  rain,  on  14th. 

fieptember  18, 1874 9.00 7.10  inches,  from  15th  to  18th. 

March         26, 1876 6.00 3.33  inches,  on  25th  and  26th. 

September  18,1876 5.00 2.57  inches,  on  17th,  after  wet  period. 
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September  22d,   8  p.  m 7,000  cubic  feet  per  seoond. 

"         23d,  3p.  M 35,500     "       "      •*        " 

"         24th,  6  A.  M 52,000     "       "      "        " 

"        26th,  7  A.  M 7,000     "       "      "        " 

This  gives  a  total  discharge  for  these  64  hoars  of  6^489^000,000 
<mbic  feet,  or  3.36  inches  on  the  water-shed.  This  amount  of  water 
"woold  cover  Middlesex  oonnly  10  inches  in  depth.  It  is  at  the  rate 
of  69.3  oabic  feet  per  second  per  square  mile  maximum  discharge. 

There  was  a  break  in  the  canal  at  Bound  Brook  during  this  flood, 
l>at  the  efieot  of  this  would  be  so  trifling  on  the  general  result,  or 
mven  the  maximum  discharge,  that  it  may  safely  be  neglected.     We 
xioted,  in  our  discussion  of  this  flood  on  the  Passaic,  that  the  total 
^Useharge  amounted  to  3.13  inches  on  the  water-shed.    The  above 
shows  almost  the  same  total  amount  discharged.    In  our  estimate  of 
:flow  during  the  second  year  of  the  driest  period  in  Table  No.  55,  the 
cause  of  this  great  flood  is  well  shown,  although  the  rainfall  there 
^ven  is  not  exactly  as  it  occurred  on  the  Baritan  water-shed.    It  is 
eo  similar,  however,  that  it  is  not  necessary  for  us  to  make  a  special 
computation  for  the  Baritan.     From  April  to  August,  inclusive,  the 
total  evaporation,  as  shown  in  Table  No.  46b,  had  been  16.85  inches, 
and  the  total  flow,  as  shown  by  Table  No.  55,  4.67  inches,  making  a 
total  draught  upon  the  waler-shed  of  21.52  inches,  whereas  the  rain- 
fall had  only  been  15.29  inches,  and  the  difference  of  6.23  inches  had 
1>een  drawn  from  the  ground- water.    This  went  on  increasing  until 
just  before  the  storm  which  caused  the  flood,  and  when  the  heavy  fall 
of  12  indies  came  it  was  sufficient  to  make  good  this  depletion  of 
groand-water  and  still  leave  4.73  inches  upon  the  water-shed  of  sur- 
plus to  flow  off.    The  ground  having  taken  up  all  that  it  could,  this 
amrplns  rushed  into  the  streams  and  caused  the  greatest  flood  of  the 
century. 

The  flood  of  1866  occurred  on  July  17th.  The  cause  of  this  flood 
does  not  appear  directly  in  the  rainfall  record  at  New  Brunswick,  but 
we  find  that  the  ground  had  been  continuously  full  of  water  up  to 
this  date,  and  it  is  mentioned  that  heavy  thunder  showers  occurred, 
beginning  at  6  p.  m.  on  the  16th.  Taking  the  average  of  the  monthly 
rainfall  at  Paterson,  Newark,  New  York  and  New  Brunswick,  the 
total  flow-off  for  the  month  of  July  would  have  been  2.18  inches  on 
the  water-shed.  There  is  evidence  in  some  of  these  records  that  the 
showers  spoken  of  were  very  much  heavier  on  the  upper  water-shed 
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than  they  w»e  at  New  Branswiok,  and  such  heavy  showers,  fidling 
on  the  surface  when  it  was  already  fall  of  water,  were  undoubtedly 
the  cause  of  this  flood.  It  rose  with  great  rapidity,  reported  to  have 
been  at  one  time  at  the  rate  of  6  inches  in  about  five  minutes  at 
Bound  Brook.  This  would  indicate  the  presence  of  a  flood-wave  at 
that  time  moving  down  the  valley. 

The  late  Mr.  Lawrence  Yanderveer  informed  me  that  it  was 
reported  that  in  1810  heavy  rains  began  on  the  9th  of  November, 
continuing  at  intervals  until  the  24th,  when  the  flood  reached  its 
height. 

We  have  been  at  some  pains  to  establish  the  relative  height  of  these 
three  great  floods  in  1810,  1865  and  1882  to  see  if  any  increase  in 
the  maximum  flood-discharge  could  be  discovered.  Mr.  John  D. 
Field,  of  New  Brunswick,  saw  the  freshet  of  1810,  and  was  fully 
familiar  with  the  flood- marks  along  the  river.  He  is  of  the  opinion 
that  it  was  probably  equaled  by  the  later  floods,  but  never  exceeded. 
Mr.  D.  F.  Vermeule  is  also  familiar  with  the  lower  part  of  the  river, 
and  thinks  that  the  flood  of  1865  was  not  so  high  as  that  of  1882. 
Mr.  Lewis  D.  Clark,  at  Bound  Brook,  has  marked  most  of  the  high 
freshets,  and  eays  the  freshet  of  1882  was  2  feet  higher  at  his  house 
on  the  river  bank  than  that  of  1865.  The  total  rise  here  in  1866 
was  16  feet.  He  also  thinks  that  the  freshet  of  1810  was  3  feet  lower 
than  that  of  1882.  Others  give  the  difference  to  be  from  10  inches 
to  3  feet,  but  at  the  greater  figure  it  would  be  fully  accounted  for  by 
the  building  of  the  dam  below,  in  1833,  which  caused  a  difference  of 
5.5  feet  in  the  height  of  the  river  immediately  at  its  site,  raised  the 
ordinary  level  a  foot  or  two  at  Bound  Brook,  and  restricted  the  flood 
outlet  to  the  opening  between  its  high  abutments  at  the  river  banks. 
Mr.  Lawrence  Vanderveer,  of  Griggstown,  says  that  the  water  was 
2  feet  higher  at  the  mouth  of  Bedea's  brook  in  1882  than  it  was  in 
1810,  from  known  marks  of  the  early  freshet;  but  this  may  also  be 
due  to  the  dam  at  Bound  Brook.  Altogether  the  weight  of  evidence 
IS  to  the  effect  that  the  floods  of  1810  and  1882  were  of  about  equal 
volume,  and  the  flood  of  1865  was  somewhat  below  the  others.  It 
is  well  established  that  there  were  no  others  nearly  so  high  in  the 
intervals,  although  there  was  a  high  one  at  the  time  of  building  the 
dam  in  1832  or  1833,  and  others  in  1836  or  1837  and  1858. 

In  the  weather  record  kept  by  the  late  P.  V.  D.  Spader,  Esq.,  at 
New  Brunswick,  extending  from  1847  to  1890,  the  freshets  of  1865 


WATEBr-SUPPLY.  217 

and  1882  are  mentioned,  the  former  being  noted  to  be  the  ^^  greatest 
einoe  1810.'' 

WaUr  9Uipply. — ^The  Baritan  carries  a  large  amount  of  red  mad 
when  it  is  swollen.  It  would  require  settlement^  and  possibly  filtra- 
tion, before  being  suitable  for  public  water-supply.  Otherwise  it 
•does  not  seem  to  be  a  bad  water,  judging  from  the  results  of  our 
ohemioal  analysis.  Above  the  canal  dam  to  which  we  have  referred, 
it  would  always  be  possible  to  draw  180  cubic  feet  per  second  with 
the  present  pondage.  This  amounts  to  116,329,000  gallons  daily. 
At  Baritan  we  estimate  the  dry-season  flow  to  be  42,330,000  gallons 
*daily.  The  water  is  pumped  at  this  point  to  supply  Somerville  and 
Baritan,  the  present  use  being  reported  at  800,000  gallons  daily. 
Water-power  is  used  for  pumping.    This  water  is  filtered. 

WaJUr-pawer. — At  theliead  of  tide  at  Baritan  Landing  there  was 
formerly  a  dam  across  the  river  and  a  mill  site.  This  was  destroyed 
by  the  construction  of  the  Delaware  and  Baritan  canal,  and  the  com- 
pany substitated  for  it  the  right  to  200  horse-power  to  be  drawn  from 
the  canal  under  about  14  feet  head.  This  would  amount  to  126 
cubic  feet  per  second.  The  Norfolk  and  New  Brunswick  Hosiery 
Company  are  said  to  be  entitled  to  the  use  of  about  60  cubic  feet  per 
second  from  the  canal.  This  is  used  on  about  11  feet  fall.  The 
wheels  in  place  there,  as  reported,  would  call  for  about  176  cubic 
feet  per  second.  Our  gaugings  show,  during  the  daytime,  a  flow  of 
264  cubic  feet  per  second  through  the  canal,  and  an  average  flow  of 
aboat  180  cubic  feet.  We  estimate  about  45  to  be  needed  for  leakage 
and  lockage  over  and  above  the  amount  of  lockage  from  the  upper 
level  of  the  canal.  This  would  leave  135  cubic  feet  per  second  con- 
tinuously available  for  power,  equal  to  15.34  horse-power  per  foot 
fidl,  and  if  used  with  the  full  17  feet  head  available  at  New  Bruns- 
wick would  give  260  horse-power.  We  estimate  the  power  available 
for  9  months  of  the  ordinary  dry  year  to  be  36  horse-power  per  foot 
fall.  Allowing  for  leakage  and  lockage,  if  this  amount  could  be 
passed  throughout  the  canal  to  New  Brunswick,  it  would  give,  on  15 
feet  fSdl,  465  horse-power,  or  twice  this  for  12  hours  per  day. 

At  Baritan  we  estimate  19.2  horse-power  per  foot  fall,  and  we  find 
20.2  horse-power  improved  at  the  Baritan  Water  Power  Company's 
plant.  This  consists  of  a  crib  dam  240  feet  long  by  4  feet  high,  and 
a  raceway  3  miles  long  built  about  1840.  The  fall  is  about  15  feet. 
The  rental  is  somewhat  indefinite,  but  seems  to  approximate  $28  per 
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horse-power  per  aonum.  Between  this  and  the  month  of  the  Mill* 
stone  there  is  about  11  feet  fall  unimproved,  with  not  very  good 
opportunities  for  development. 


MINOR  BRANOflEH  OF  THE  BABITAN. 

Mill  brook  enters  the  Raritan  below  New  Brnnswiok,  from  the 
north.  It  has  a  drainage  of  5.4  square  miles,  and  its  headwaters  are 
in  the  glacial  moraine.  At  Eggert's  grist-mill,  on  this  stream,  the 
drainage  area  is  but  3.5  square  miles,  and  the  fall  about  20  feet* 
Our  table  would  make  the  total  available  power  for  9  months  of  the 
year  only  about  2.9  horse-power  in  all,  or  about  6  horse-power  for 
working  hours,  but  this  mill  appears  to  be  able  to  do  a  large  amount 
of  work  and  keep  one  stone  running  a  good  deal  of  the  time,  so  that 
it  would  appear  that  this  stream  has  a  larger  flow  than  is  shown  by 
our  estimate.  This  mill  is  not  included  in  our  canvass  of  water- 
power,  its  omission  not  having  been  noticed  until  after  the  printing 
of  Appendix  I. 

Bound  Brook  has  an  area  of  61.5  square  miles,  included  in  whidr 
is  the  city  of  Plainfield.  It  is  made  up  of  Ambrose's  brook,  Bound 
brook  proper,  and  Green  brook,  which  do  not  become  one  until  within 
a  short  distance  of  their  junction  with  the  Raritan.  Ambrose's  brook 
has  a  water-shed  of  about  12  square  miles,  including  an  agricultural 
section  of  the  red  sandstone,  with  very  little  ground- storage.  This 
stream  belongs  to  the  type,  the  flow  of  which  is  shown  in  Table  56» 
It  has  little  value  for  either  water-supply  or  water-power.  Bound 
brook,  above  the  mouth  of  Green  brook,  drains  24.4  square  miles,, 
and  has  a  good  deal  of  sand  and  gravel  on  its  water-shed.  To  this 
Table  No.  55  applies.  At  New  Market  we  estimate  the  available 
power  at  0.94  per  foot  fall,  or  about  2  horse-power  for  working  hours. 
There  is  a  grist-mill  here  with  8  feet  fall.  Green  brook  flows  through 
the  city  of  Plainfield.  The  western  part  of  its  water- shed  is  on  the 
trap  ridges  known  as  First  and  Second  mountains,  and  the  eastern 
side  contains  a  considerable  sand  area,  which  is  quite  flat,  and  on 
which  the  city  of  Plainfield  is  situated.  Stony  brook  is  a  branch 
issuing  from  First  mountain,  west  of  Plainfield.  To  this  Table  No» 
56  is  applicable.  This  water- shed  would  be  suitable  for  a  gravity 
supply  if  it  could  be  entirely  protected  from  future  contamination. 
It  is  adapted  to  become  a  gathering- ground  for  such  a  supply  if  its 
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oan  be  owned  outright,  or  otherwise  oontrolled.    At  an  elevation 

of  200  feet  it  has  5.2  square  miles  of  water-shed.    At  the  lowest 

monthly  flow,  which  coold  be  made  available  with  very  small  storage, 

it  will  sopply  114,400  gallons  daily.    With  7.26  inches  storage  it 

^will  supply  2,964,000  gallons  daily.    Blue  brook,  which  issues  from 

the  mountain  at  Scotch  Plains,  is  similar  and  has,  above  210  feet 

elevation,  6.8  square  miles  of  water-shed,  and  will  supply  138,000 

gallons  daily  at  the  least  monthly  flow,  or  3,591,000  gallons  daily 

^with  full  storage.    As  we  have  mentioned  in  the  case  of  some  of  the 

branches  of  the  Bahway,  the  setting  apart  of  such  areas  as  this  for 

gathering-grounds  might  be  a  practical  solution  of  the  difficulties  of 

aecnring  pure  local  supplies  in  this  densely-populated  northeastern 

section  of  the  State. 

Middle  brook  has  a  total  area  of  drainage  of  18.7  square  miles. 
^t  a  mill  near  the  mouth  it  was  stated  that  the  power  was  available 
only  one-quarter  of  the  time  during  3  months  of  the  dry  season  of 
1881.  This  indicates  that  during  that  time  it  did  not  exceed  .008 
liOTse- power  per  foot  fall  per  square  mile,  which  is  a  sufficient  test  of 
"the  applicabilily  of  Table  No.  56.  The  village  of  Bound  Brook  is 
supplied  from  the  east  branch  of  this  stream,  the  drainage  area  being 
^bont  10  square  miles  and  the  storage  10,700,000  gallons.  By  Table 
^o.  56  we  estimate  that  with  this  storage  1,850,000  gallons  daily 
^^?ill  be  always  available.  With  7.26  inches  storage,  5,709,000  gallons 
<3aily  could  be  obtained.  The  elevation  is  about  175  feet.  The  other 
:Kninor  branches  of  the  Baritan  have  no  importance,  and  the  larger 
c^nes  we  shall  now  consider  separately. 

SOUTH   BIVEB. 

This  is  the  lowest  important  tributary  of  the  Baritan.  It  rises  7 
:snile8  southwest  of  Freehold,  near  the  Ocean  county  line,  at  a  point 
20  miles  due  south  from  where  it  empties  into  the  Baritan  at  Sayre- 
"ville.  It  is  tidal  and  navigable  to  Old  Bridge  and  drains  132.8^ 
equare  miles,  receiving  all  of  its  affluents  from  the  east.  Twenty-five 
per  cent,  of  the  water-shed  is  in  forest,  and  the  population  is  83  to 
^e  square  mile.  This  is  a  sandy  and  gravelly  water-shed  with  large 
ground-storage,  and  belongs  to  the  southern  New  Jersey  type  of 
«aiid-hill  streams.  The  curve  of  ground-flow  used  in  computing 
Table  No.  64  is  applicable  to  such  streams,  and  as  the  evaporation 
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and  raiB&ll  resemble  that  of  the  red  sandstoDe  plains  this  table  may 
be  used  in  computing  the  flow  of  South  river. 

Water-supply. — As  a  whole^  this  stream  is  not  suitable  as  a  aoorce 
of  public  water-supply^  but  some  of  its  minor  branches  may  be  ex- 
cellent sources  for  local  supply.  Those  which  show  a  considerable 
outcropping  of  clay  and  marl,  however,  should  be  regarded  with 
some  suspicion,  and  carefully  examined  before  adoption.  The  more 
6andy  or  gravelly  water-sheds  may  furnish  water  of  excellent  quality. 

Tennent's  brook  is  one  of  these,  and  is  now  used  to  supply  the  dty 
of  Perth  Amboy.  The  consumption  is  said  to  be  1,100,000  gallons 
daily.  The  water-shed  is  about  10  square  miles,  and  there  is  suffi- 
cient storage  to  make  the  least  monthly  flow  available,  which  would 
be  equal  to  1,230,000  gallons  daily.  With  storage  equal  to  one  inch 
on  the  water-shed,  2,500,000  gallons  daily,  or,  with  2  inches  storage, 
3,400,000  gallons  daily  would  be  available.  It  is  doubtful  if  storage 
could  be  got  to  amount  to  the  full  7.26  inches  necessary  to  utilize  12 
inches  per  annum. 

Deep  run,  the  next  tributary  south,  has  a  drainage  area  of  16 
square  miles,  generally  similar  to  that  of  Tennent's  brook,  with 
somewhat  better  opportunities  for  storage.  This  would  also  be  a 
good  source  of  supply,  and  will  furnish  at  the  least  monthly  flow 
1,845,000  gallons  daily.  With  storage  equal  to  2  inches  on  the 
water-shed,  5,100,000  gallons  daily  may  be  obtained. 

Manalapan  creek,  above  Jamesburg  pond,  drains  27  square  miles, 
and  will  furnish  at  the  least  monthly  flow  3,300,000  gallons  daily,  or 
with  storage  equal  to  2  inches  on  the  water-shed,  9,100,000  gallons 
daily.  This,  while  it  may  be  satisfactory  as  a  source  of  supply,  would 
require  somewhat  closer  scrutiny  than  the  streams  previously  men- 
tioned before  adoption.  On  this  South  river  water-shed,  as  on  many 
others,  the  plan  of  selecting  carefully  from  the  smaller  water-sheds 
and  carefully  watching  and  fully  utilizing  the  same,  is  much  prefer- 
able to  drawing  the  supply  from  a  larger  stream,  although  thereby 
the  expense  of  storage  may  be  avoided. 

Water-power. — South  river  is  highly  esteemed  as  a  water-power 
stream,  having  the  reputation  of  great  steadiness  during  the  dry 
season.  It  is  a  good  illustration  of  the  difierence  between  the  type 
of  streams  represented  by  Table  No.  54  and  the  flashy  red  sandstone 
water- sheds  represented  by  Table  No.  56,  some  of  which  may  be 
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found  at  no  great  distance  from  Sooth  river  among  the  tributaries  of 
the  Millstone. 

At  Bloomfield  mills,  we  estimate  6.4  horse-power  per  foot  fall 
available  dnring  9  months  of  the  year.  Ninety  horse-power  is  ordi- 
narily nsed  on  the  7  feet  fall,  the  pondage  here  and  above  being  sof- 
fioient  to  make  this  available  doriog  working  honrs.  Manalapan 
Greek,  at  Spottswood,  having  a  water- shed  of  42  sqaare  miles,  will 
give  3.1  horse-power,  and  at  Jamesbarg,  from  27  sqnare  miles,  2 
horse-power  per  foot  fall.  There  are  a  number  of  mill-powers  in  use 
on  the  upper  branohes,  but  usually  rather  small. 


lawbencb's  bbook. 

This  is  the  next  tributary,  rising  near  Monmouth  Junction  and 
flowing  northeast  11  miles  to  the  Baritan,  just  below  New  Brunswick. 
It  drains  46  square  miles,  17  per  cent,  of  which  is  in  forest,  and  the 
population  is  59  to  the  square  mile.    The  principal  importance  of 
tJiis  stream  lies  in  the  fact  that  it  furnishes  the  water-supply  of  the 
caty  of  New  Brunswick,  which  is  pumped  from  Weston's  mills,  about 
one  mile  above  the  mouth.    The  water-shed  lies  partly  on  the  red 
eandstone  and  partly  upon  the  clay  district,  and  is  largely  overlaid 
^with  drift  gravels,  giving  a  ground-storage  like  that  upon  which 
"Table  No.  54  is  based,  consequently  this  table  is  to  be  used  in  com- 
puting its  flow.    The  city  of  New  Brunswick,  in  1893,  used  an  aver- 
^nge  of  1,521,097  gallons  daily,  from  35  to  86  per  cent,  of  the  amount 
^used  in  each  month  being  pumped  by  water-power.    This  water  is 
oaiisfactory  in  quality  and  is  used  without  treatment.     We  estimate 
^hat  at  the  lowest  monthly  flow  the  stream  will  furnish  5,600,000 
gallons  daily.    The  facilities  for  storage  are  very  fair.     With  storage 
^ual  to  2  inches  on  the  water-shed,  the  available  supply  would  be 
15,600,000  gallons  daily,  and  with  4.91  inches,  25,700,000  gallons 
daily  oonld  be  obtained. 

Waief'power. — At  Weston's  mills,  we  estimate  the  power  of  this 
stream  to  be  equal  to  3.3  horse-power  per  foot  fall  available  for  9 
months,  or  49.5  horse-power  day  and  night  upon  15  feet  fall.  At 
Milltown,  on  34  square  miles,  2.5  horse-power  per  foot  fall  is  avail- 
able. At  this  point  a  considerable  amount  of  manufacturing  is 
on. 
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MILLSTONE  BIVEB. 

This  is  the  next  and  one  of  the  moet  important  branoheB  of  the 
Raritan.  It  rises  close  to  the  source  of  South  river,  26  miles  south- 
southeast  of  its  junction  with  the  Raritan  above  Bound  Brook.  The 
stream  is  35  miles  in  length,  and  between  its  easternmost  and  western- 
most sources  the  distance  is  30  miles.  The  fall  along  the  main  stream 
from  the  junction  of  Stony  Brook  to  its  mouth,  a  distance  of  17  miles, 
is  only  26  feet  The  upper  Millstone,  above  the  junction  of  Stony 
brook,  partakes  of  the  general  nature  of  the  southern  New  Jers^ 
sand-hill  streams,  and  has  large  ground-storage.  To  this  part  of  the 
stream  Table  No.  54  is  applicable,  while  No.  56  should  be  applied  to 
the  red  sandstone,  and  No.  55  to  the  main  stream  below  the  mouth 
of  Stony  brook. 

WcUer-wpply. — Like  the  Raritan,  the  lower  Millstone  is  quite  a 
muddy  stream  when  swollen,  and  could  not  be  used  as  a  sooroe  of 
water-supply  without  settlement  or  filtration,  although  in  other 
respects  our  analyses  indicate  a  fair  potable  water.  The  population 
is  78  to  the  square  mile,  and  9  per  cent,  of  the  water-shed  is  in  forest 
We  estimate  the  least  monthly  flow  above  Millstone  village  to  amount 
to  29,600,000  gallons  daily.  The  red  sandstone  branches  are  less 
desirable  as  a  source  of  water-supply  than  the  main  stream.  Some 
of  the  branches  of  the  upper  Millstone  might  afford  water  of  very 
fair  quality. 

Water-power. — At  Weston,  from  283  square  miles  of  drainage,  we 
estimate  11.6  horse- power  per  foot  fall  available,  and  just  below  the 
junction  of  Stony  brook,  from  164  square  miles,  6.7  horse-power  per 
foot  fall.  We  find  along  the  main  stream  from  8  to  20  horse-power 
improved.  Sixteen  feet  out  of  26  feet  total  fall  is  in  use.  Royoe's 
branch  has  a  drainage  of  18  square  miles,  and  belongs  to  the  type  of 
streams  whose  flow  is  indicated  in  Table  No.  56.  It  is  not  at  all 
improved.  Five- tenths  horse-power  per  foot  fall  is  available  at  its 
mouth.  Six  Mile  run  is  another  stream  on  the  same  type,  draining 
16  square  miles.  Forty- five  hundredths  horse-power  per  foot  fall 
should  be  available  at  its  mouth. 

Beden's  brook,  draining  49.9  square  miles,  is  another  of  the  same 
class,  which  is  also  very  little  used.  It  is  noticeable  how  little  power 
is  developed  on  streams  of  this  type,  compared  with  that  improved  on 
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etreauiB  bdoDgbg  to  the  olasB  indaded  in  Table  No.  64^  or  the  High- 
land BtieamSi  of  eqoal  water-shed,  a  faot  which  our  figarea  of  flow 
folly  explain.  Stony  brook  is  another  stream  of  the  same  class.  It 
has  a  water-shed  of  64.8  sqoare  miles.  Mill-owners  report  that  in 
1881  the  stream  was  practically  dry  from  3  to  5  months,  and  no 
attempt  was  made  to  mn  the  mills.  This  statement  is  corroborative 
of  the  results  shown  by  Table  No.  66.  At  the  lowest  mill,  from  52 
49qiiare  miles  drainage,  1.45  horse-power  per  foot  fall  is  available,  or 
abont  3  horse-power  for  working  hours. 

On  the  npper  Millstone,  as  we  have  remarked,  Table  No.  54  applies, 

tmd  the  whole  stream,  with  98.8  square  miles  drainage,  we  estimate 

will  afford  from  its  least  monthly  flow  12,200,000  gallons  daily,  or 

with  2  inches  storage  34,400,000  gallons  daily,  being  about  53  cubic 

feet  per  second.     With  storage  amounting  to  4.91  inches,  which 

probably  could  be  obtained  with  little  di£Sculty,  56,500,000  gallons 

^aily,  or  87  cubic  feet  per  second  would  be  available.    This  stream 

with  Stony  brook,  whidi  with  7.25  inches  storage  would  supply  57 

-cubic  feet  per  second  continuous,  making  for  the  two  streams  144 

-cubic  feet  per  second,  might  possibly  be  utilized  for  the  supply  of  the 

proposed  ship  canal  across  the  State.     We  have  seen  also  that  the 

upper  Millstone  might  be  suitable  as  a  source  of  water-sapply.    It 

is  not  as  desirable  for  this  purpose  as  some  of  the  Atlantic  coast 

streams  of  aouthem  New  Jersey,  and  is  not  very  likely  to  be  utilized 

eo  long  as  such  waters  as  those  of  the  Highlands  or  Delaware  river 

are  available,  and  this  remark  applies  equally  well  to  the  waters  of 

the  lower  Baritan. 


NOBTH  BRANCH   OF   THE  BABITAN. 

The  main  affluent  of  the  North  Branch,  which  is  known  as  Lam- 
ington  or  Black  river,  rises  less  than  a  mile  east  of  the  foot  of  Lake 
Hopatcong,  and  25  miles  due  north  from  its  junction  with  the  Bari- 
tan. The  lower  portion  of  the  water-shed  is  on  the  red  sandstone 
plain,  having  a  general  elevation  of  about  250  feet,  but  the  principal 
aod  upper  part  is  upon  the  Highlands,  with  an  average  elevation  of 
about  750  feet,  ranging  as  high  as  1,100  feet.  The  whole  drainage 
of  the  North  Branch  includes  191.6  square  miles,  15  per  cent,  of 
which  is  in  forest.  The  Highland  portion  has  about  30  per  cent,  in 
forest    The  population  averages  72  to  the  square  mile.    To  the 
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Highland  tributaries  Table  No.  51  applies^  and  to  the  lower  stream 
Table  No.  55. 

Water-supply. — The  Highland  portion  of  this  stream  is  one  of  the 
desirable  gathering-grounds  of  the  State  for  a  gravity  supply.  Lam- 
ington  river  above  Pottersville  drains  33  square  miles.  This  area 
includes  a  marsh  along  the  stream  7  miles  long  and  one-fourth  to 
three-fourths  of  a  mile  in  width.  The  peaty  matter  from  this  marsh 
gives  the  water  a  brownish  color,  which  gives  rise  to  the  name  Black 
river,  but  the  color  is  slight  and  would  probably  disappear  after  set- 
tlement. Above  500  feet  elevation  the  drainage  includes  31.4  square 
miles,  which  with  7  inches  storage  will  supply  21,000,000  gallons 
daily.  This  storage  may  be  obtained  in  the  ravine  above  Potters- 
ville and  on  Tanner's  brook.  When  the  iron  mines  at  Chester  and 
Hacklebamey  are  in  operation  there  is  a  considerable  amount  of  mine 
water  poured  into  the  stream,  and  this  also  would  require  settlement^ 
but  the  mines  are  not  likely  to  cause  much  trouble  in  the  future. 

The  North  Branch  above  the  junction  of  Peapack  brook  drains 
29.1  square  miles  above  an  elevation  of  140  feet,  which,  with  7  inches 
storage,  will  supply  19,300,000  gallons  daily.  At  the  junction  of 
Burnett  brook,  an  elevation  of  400  feet  can  be  obtained  with  17 
square  miles  drainage,  which  will  supply  11,300,000  gallons  daily. 

The  north  branch  of  Rockaway  creek  has  a  drainage  area  of  12.5 
square  miles  above  400  feet  elevation  at  Mountainville,  from  which, 
with  7  inches  storage,  8,300,000  gallons  daily  may  be  obtained.  This 
is  in  all  respects  an  excellent  gathering- ground. 

Water-power. — At  the  mouth  of  the  North  Branch  we  estimate  7.8 
horse-power  per  foot  fall,  and  just  below  the  junction  of  the  I^m- 
ington  river  6.35  horse-power.  We  find  the  average  about  10  horse- 
power improved.  There  is  a  total  of  30  feet  fall,  of  which  10  feet  is 
improved.  Above  Lamington  river  the  North  Branch  has  a  high 
flood  discharge.  We  estimate  3.2  horse-power  per  foot  fall  available, 
and  below  the  mouth  of  Peapack  brook  2.9  horse-power.  Below 
Burnett's  brook  we  estimate  1.2  horse-power.  Between  this  and  the 
mouth  of  Peapack  brook  there  is  a  fall  of  220  feet,  38  of  which  is 
improved.  It  is  said  that  floods  last  about  36  hours  from  the  b^in- 
ning  of  the  rise  to  their  subsidence  within  the  banks,  and  that  the 
stream  becomes  quite  muddy  when  swollen.  At  Boxitious  there  is  a 
water-power  in  use  which  is  said  to  have  been  originally  improved  in 
1680. 
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Peapaok  brook  has  13  square  miles  of  water-sbed  wbicb  is  not 
veiy  deniable  as  a  source  of  water-supply.  We  estimate  tbe  power 
at  the  mouthy  from  this  brook  alooe,  at  0.9  horse-power  per  foot  fall, 
bot  the  mill  there  draws  part  of  its  power  from  the  North  Branch. 

Ldunington  river  drains  92  square  miles,  and  we  estimate  4  6  horse- 
power available  at  Burnt  Mills  for  each  foot  fall.  This  stream  rises 
quiokly,  and  is  said  to  become  very  muddy  when  swollen.  At  Pot- 
illCi  it  is  quite  free  from  mud,  and  the  total  duration  of  floods  is 
to  be  about  36  hours.  At  this  point,  we  estimate  2.2  horse- 
power per  foot  fall,  and  at  Milltown,  near  Chester  furnace,  from  23 
square  miles,  1.5  horse-power.  The  fall  between  these  two  points  is 
-420  feet,  of  which  105  is  improved.  Three  hundred  feet  remains 
flftvailable,  with  an  average  of  1.8  horse-power  per  foot  fall  available 
daring  9  months  of  the  year. 

Bookaway  creek  drains  39.4  square  miles,  or,  at  the  junction  of 
-i^iie  North  and  South  Branches,  36  square  miles,  giving  1.8  horse- 
power per  foot  fall  available,  and  we  find  3.3  horse- power  improved. 


SOUTH  BRANCH  OF  THE  BARITAN. 

This  stream  rises  in  Bndd's  lake,  the  only  natural  lake  upon  the 
iSaritan  water-shed.  Another  of  its  branches,  Drake's  brook,  rises 
at  the  foot  of  Lake  Hopatcong  close  to  the  source  of  the  North 
ISranch.  It  is  42  miles  long,  encircling  the  water- shed  of  the  North 
branch  on  the  northwest  and  southwest.  It  drains  276.5  cquare 
sniles,  of  which  about  100  square  miles  is  in  the  Highlands,  with  an 
«iverage  elevation  of  about  750  feet,  ranging  as  high  as  1,200.  The 
remainder  is  on  the  higher  portion  of  the  red  sandstone,  between  100 
mnd  800  feet  in  elevation,  with  an  average  of  about  400  feet. 

Water-supply, — A  email  amount  of  water  is  pumped  from  the 
South  Branch  to  supply  Flemington,  the  pump  being  located  at  Ker- 
shaw &  Chamberlain's  mill.  Above  High  Bridge,  Table  No.  51 
applies,  this  being  purely  a  Highland  water-shed,  with  a  drainage 
area  of  67  square  miles.  The  elevation  here  is  260  feet,  and  with  7 
inches  storage  the  stream  will  supply  44,700,000  gallons  daily. 
Above  Califon,  at  an  elevation  of  500  feet,  the  stream  drains  55.5 
square  miles,  and  will  supply,  with  the  above  storage,  37,000,000 
gallons  daily.  The  necessary  reservoir  capacity  may  be  obtained  on 
the  main  stream  just  above  Califon,  at  Flanders,  and  just  below  the 

15 
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mouih  of  Turkey  brook.  The  latter  reservoir  would  have  11.3 
square  miles  draioagey  and  would  sapply  7,400,000  gallons  daily  at 
an  elevation  of  800  feet 

Bndd's  lake  is  a  beantifal  sheet  of  water,  nearly  one  and  one-half 
miles  long  by  three  quarters  of  a  mile  wide.  It  has  a  water-shed  of 
4.6  square  miles  and  will  supply  3,000,000  gallons  daily.  Its  eleva- 
tion is  933  feet 

Spruce  run  has  an  area  of  12  square  miles  above  Olen  Gardner  at 
440  feet  elevation,  and  will  supply  8,000,000  gallons  daily  with  7 
inches  storage.  The  other  branches  of  the  South  Branch  have  little 
importance. 

These  Highland  headwaters  of  the  Baritan  will  furnish  an  aggre- 
gate gravity  supply  of  90,000,000  gallons  daily  above  400  feet  eleva- 
tion. They  are  second  to  the  Passaic  headwaters  in  desirability  and 
about  on  a  par  with  the  Musconetcong. 

TFater^jMNMT. — ^At  the  month,  we  estimate  13.8  horse-power  per 
foot  falL  Above  the  mouth  of  Neshanic  river,  from  186  square 
miles  drainage,  9.3  horse-power  per  foot  fidl  is  available,  and  at 
Hamden  146  square  miles  of  drainage  area  will  give  8  horse-power. 
Between  these  latter  points  we  find  from  16.6  to  20  horse-power 
improved.  There  is  a  total  fall  of  80  feet,  of  which  46  is  in  use. 
Above  Clinton,  with  112  square  miles  of  drainage,  we  estimate  7.6 
horse-power  available,  and  at  High  Bridge,  4.6  horse-power.  At 
Calif  on,  we  estimate  3.8  horse-power  available  for  each  foot  of  fall. 
Between  this  and  High  Bridge  there  is  220  feet  fall,  of  which  74 
feet  is  in  use,  leaving  146  feet  with  an  average  of  4.2  horse-power 
per  foot  fall,  day  and  night,  for  9  months  of  the  year,  still  to  be 
developed. 

We  estimate  the  power  of  Spruce  run,  at  Olen  Gardner,  0.83 
horse-power  per  foot  fall.  At  the  lowest  mill  on  Neshanic  river, 
Table  No.  66  gives  1.64  horse-power.  This  latter  stream  and  all  of 
the  red  sandstone  branches  upon  the  Baritan  water-shed  belong  to  the 
class  of  streams  the  flow  of  which  is  given  in  Table  No.  66. 


DELA.WABE  AND  BABITAN  CANAL. 

This  is  the  most  important  artificial  waterway  of  the  State.  The 
main  canal  runs  from  the  head  of  navigation  on  the  Baritan,  at  New 
Brunswick,  to  the  Delaware  at  Bordentown,  a  distance  of  43  miles* 
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The  feeder,  whkdi  is  also  navigable^  raos  from  the  mam  caDal,  at 
Trentcm,  to  the  Delaware  river,  at  Ball's  ialand,  a  distanoe  of  22 
tniles.    A  peoaliari^  of  the  canal  is  that  its  summit  level  extends 
almost  to  the  banks  of  the  Delaware,  at  Trenton,  and  the  water  of 
the  Delaware  river  is  brought  through  the  feeder  entirely  across  the 
State,  emptying  into  the  Baritan  at  New  Brunswick.    The  width  of 
ihe  oanal  at  snrfiMe  is  about  80  feet,  at  bottom  50  feet  and  it  is  9  feet 
^eep.    There  are  14  looks  on  the  main  canal  and  2  on  the  feeder, 
making  16  in  all.    The  locks  are  220  feet  long  by  24  feet  wide,  with 
7.6  feet  of  water  over  the  mitre  sills.    The  canal  was  built  about  1833. 
Its  cost  was  reported  in  1864  to  be  $3,707,916,  and  in  1880,  $4,735,- 
353.    The  groes  receipts  in  1854  were  $474,740,  and  in   1880, 
^419,431.    The  tonnage  in  1880  was  1,348,082  tons.    The  maxi- 
mum traffic  upon  the  canal  was  probably  during  the  civil  war,  when 
it  was  extremely  heavy,  taxing  the  canid  to  its  utmost  capacity.    The 
fieasou  of  navigation  usually  lasts  from  April  1st  to  the  middle  of 
December,  or  about  250  days.    The  traffic  is  drawn  from  ports  on  the 
Delaware  river  below  Trenton,  and  those  on  Chesapeake  bay  through 
the  Delaware  and  Chesapeake  canal,  and  also  from  the  Schuylkill 
cuial  and  the  Lehigh  canal  via  the  Delaware  division  of  the  Penn- 
fljlvania  canal,  boats  being  locked  from  the  latter  into  the  Delaware 
river  and  thence  into  the  feeder  at  Lambertville.    At  the  eastern  end, 
the  Hudson  river  ports  and  the  Erie  canal  and  ports  on  Long  Island 
eoand  are  reached,  but  at  present  the  largest  part  of  the  traffic  oon- 
eists  of  coal  from  the  Pennsylvania  canals,  carried  to  New  York  har- 
bor, Ac    Two  classes  of  barges  were  in  common  use  until  recent  years. 
Those  from  the  small  canals  in  Pennsylvania  measure  90  feet  long  by 
10.6  feet  beam,  drawing,  when  loaded,  5.5  feet  of  water,  and  the  river 
botts  from  the  Hudson  river  and  the  Erie  canal,  measuring  about  100 
feet  long  by  17.5  feet  beam  and  drawing  7  feet  of  water  when  loaded. 
The  canal  will  accommodate  500-ton  barges,  and  recently  barges  of 
300  tons  and  upwards  have  been  considerably  used.    There  is  quite  a 
^Mdderable  amount  of  freight  carried  in  steam  vessels.    The  water 
to  BQpply  the  canal,  excepting  the  5.34  miles  at  the  New  Brunswick 
^,  is  drawn  entirely  fit>m  the  Delaware  river,  at  Bull's  island. 
^  feeder  is  also  used  as  a  raceway  for  water-power  for  the  mills  at 
lambertville,  a  list  of  which  is  given  in  our  Appendix  I.     We  have 
^^Wved  firom  616  to  260  cubic  feet  per  second  flow  through  the 
^Vpv  part  of  the  feeder,  the  larger  amount  being  that  ordinarily 
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Qfied  when  all  the  mills  are  runniDg.  Of  this^  192  oabio  feet 
second  was  used  for  the  mills  and  returned  to  the  river  at  Lamb 
ville,  324  cubic  feet  per  second  being  permanently  diverted  to  suf 
the  canal.  Fifty-nine  and  two-tenUis  miles  of  canal  and  feeder  h 
to  be  supplied  with  water  for  evaporation^  leakage  and  lookag< 
Bordentown  and  Five  Mile  lock.  At  the  time  of  our  ftyaminaf 
about  100  cubic  feet  per  second  appeared  to  be  used  for  this  look 
and  the  remainder,  or  about  3.7  cubic  feet  per  second  per  mile,  n 
to  make  good  leakage  and  evaporation.  The  Raritan  is  drawn  u] 
to  feed  the  level  from  Five  Mile  lock  to  New  Brunswick,  and  t 
to  furnish  power  to  the  mills  at  New  Brunswick.  We  have  obnr 
an  average  flow  through  this  level  of  254  cubic  feet  per  second  dm 
the  daytime,  and  the  draught  from  the  Raritan  alone  averages  ab 
180  cubic  feet  per  second  day  and  night,  only  falling  below  this  at 
very  rare  intervals  when  the  river  flow  becomes  less.  The  ab 
draught  from  the  Delaware  and  Raritan  must  be  taken  into  aoooi 
in  dealing  with  those  streams  below  the  points  of  diversion. 

The  following  table  gives  the  distance  from  the  outlet  look  at  19 
Brunswick,  and  the  elevation  of  the  water  surface  of  the  canal  ab 
mean  tide : 

DISTANCES  AND  ELEVATIONS  ABOVE  MEAN  TIDE,  DELAWARE  AND  RARITA2 

CANAL. 

Diitance.  Upper  LeyeL 

Miles.        Eleyatlon  in  Fe 

Outlet  Lock,  New  Brunswick 5 

Deep  Lock,  New  Brunswick 67  17 

Five  Mile  Lock,  near  Bound  Brook 4.34  25.1 

Lock,  Bound  Brook 7.01  32.5 

Ten  Mile  Lock,  Weston 9.51  40.9 

Lock,  Griggstown 19.01  48.8 

Lock,  Kingston 23.34  56.3 

State  Street  Lock,  Trenton 37.01  56.3 

Prison  Lock,  Trenton 37.81  50.9 

Lock  No.  4,  Trenton 38.67  42.4 

Lock  No.  3,  Trenton 38.96  30.7 

Lock  No.  2,  Trenton 39.56  18.4 

Outlet  Lock,  Bordentown 42.89  8.7 

High  Tide,  Bordentown 3.8 

FEEDER. 

Canal  at  Trenton 66.a 

Lambertville,  below  Lock 14.5  58.7 

Lambertville,  above  Lock 68.7 

BulFs  Island,  Delaware  River 21.6  69.^ 
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DELAWARE  RIVER. 

This  stream  rises  in  the  State  of  New  York,  in  the  western  Cats- 
kill  r^on  near  the  east  line  of  Delaware  ooanty,  the  remotest  souroe 
being  near  Hobart^  at  an  elevation  of  aboat  1,900  feet.  Its  drainage 
in  the  State  of  New  York  is  nearly  oo-extensive  with  Delaware  and 
Sallivan  counties.  It  forms  the  line  between  New  York  and  Penn- 
qrlvanim  for  nearly  100  miles  above  Port  Jervis.  At  the  north- 
easternmost  oomer  of  New  Jersey,  at  the  junction  of  Neversink 
creek,  the  total  drainage  area,  indading  the  Neversink,  is  about  3^600 
square  miles.  The  elevation  of  the  river  at  this  point  is  411  feet. 
Thence  to  the  Delaware  capes,  a  distance  of  245  miles,  it  forms  the 
boundary  of  the  State  of  New  Jersey.  The  total  length  of  the  river 
to  the  capes  is  410  miles,  and  above  the  head  of  the  bay  360  miles. 
It  is  navigable  with  a  low- water  depth  of  5  feet  to  Trenton,  130 
miles  from  the  capes,  having  a  depth  of  not  less  than  22  feet  at  half 
tide  up  to  Camden,  100  miles.  Its  drainage  area  above  the  head  of 
tide  and  navigation  at  Trenton  is  6,916  square  miles,  and  below  the 
mouth  of,  and  including  the  Schuylkill,  10,100  equare  miles.  Above 
the  head  of  the  bay  the  portion  of  its  drainage  area  within  the  State 
of  New  Jersey  amounts  to  2,345  square  miles,  or  about  one-fifth  of 
the  whole,  and  the  tributaries  of  the  bay  drain  1,060  equare  miles, 
making  3,405  square  miles  in  all,  or  46  per  cent,  of  the  whole  State 
lying  within  the  Delaware  basin. 

It  will  be  seen  from  the  above  figures  that  this  is  the  most  important 

stream  of  the  State,  and  that  the  interest  of  New  Jersey  in  the  stream, 

indnding  all  from  Port  Jervis  to  the  bay,  is  a  large  one.    The  head 

of  the  bay  we  consider  to  be  at  Reedy  island,  51  miles  from  the  capes. 

Of  the  New  Jersey  branches  of  the  Delaware,  Flat  brook,  Paulinskill, 

Peqaest,  Lopatcong,  Pohatcong,  and  Musconetcoug  rivers  belong  to 

oar  Kittatinny  valley  and  Highland  class  of  streams,  the  flow  of 

which  is  pven  in  Tables  Nos.  51  and  52.    These  streams  we  have 

already  considered.    The  branches  below  the  mouth  of  the  Musconet- 

oong  to  Trenton  are  small,  and  all  beloug  to  the  class  of  flashy  red 

ttndstone  streams,  the  flow  of  which  is  given  in  Table  No.  56, 

These  we  will  consider  later.    The  branches  of  the  Delaware  from 

Trenton  to  Camden,  and  those  below  Camden  each  form  a  class  by 

themselves,  and  will  be  taken  up  hereafter.    The  more  important 
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branohes  outside  the  State  of  New  Jersey  are  given  in  the  aoooi 
panying  table,  the  areas  being  mostly  taken  from  Prof.  George  ! 
Swain's  report  on  the  Middle  Atlantic  water-shed,  contained 
Yolame  XVI.  of  the  Tenth  Census  of  the  United  States,  to  whi* 
report  I  am  indebted  for  many  facts  relating  to  the  Delaware  watc 
shed. 

Entering  Dzmlnage  Atm 

Branch.  Delaware  Rlrer  at  Sqnaie  XUea 

ChriBtiana  Creek Wilmington,  Del 465 

SchuylkiU  River Philadelphia.  Pa 1,912 

Neshaminj  Creek Opposite  Beverly,  N.  J 228 

Tohickon  Creek Point  Pleasant,  Pa. 102 

Lehigh  River. Easton,  Pa 1,332 

Bushkill  Creek Easton,  Pa 76 

Analomink,  or  Broadhead's  Creek..Water  Gap,  Pa 289 

Bushkill  Creek Bushkill,  Pa 168 

Neversink  River Carpenter's  Point,  N.  Y 346 

Lackawaxen  River Lackawazeo,  Pa. 697 

West  Branch Walton,  N.  Y 348 

East  Branch Above  Beaver  Brook,  N.  Y..  620 

We  have  not  a  great  amount  of  data  as  to  the  flow  of  tb< 
branches.  The  following  table  of  dry-season  flow  for  the  Schaylk 
is  compiled  from  Prof.  Swain's  report  in  the  Tenth  Census  alrea( 
alluded  to^  and  may  be  of  interest  in  this  connection : 


DRY-SEASON   FLOW   OP  THE  SCHUYLKILL. 

Drainage  area,  1,912  square  miles. 

1816 771  cubic  feet  per  second. 

1825 680  "  '* 

1867 617  *'  " 

1874 380  " 

1876 310  "  " 

The  last  is  at  the  rate  of  0.165  cubic  feet  per  second  per  squ^ 
mile. 

For  the  Neshaminy  and  Tohickon  we  have  the  tables  of  gaugii 
already  given  among  our  long  series^  on  which  we  have  based  ( 
conclusions  as  to  evaporation  and  flow.  The  maximum  and  minimi 
flow  of  each  is  also  given  in  Table  No.  42.  These  streams  are  t 
types  on  which  we  have  based  Table  No.  56^  showing  the  flow 
small  red  sandstone  water-sheds  with  little  ground-storage^  and 
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tjpe  ourye  of  ground*  flow  shown  in  Plate  V I.  is  obtained  from  the 
above  record  also.  The  Lehigh  is  a  very  flashy  stream  with  heavy 
flood- floW|  the  maximum  being  estimated  from  high- water  marks  to 
be  about  66  cubic  feet  per  second  per  square  mile. 

The  percentage  of  forest  upon  the  Delaware  water-shed  is  not 
accurately  known^  but  we  can  form  an  approximate  idea  from  the 
areas  of  improved  land  in  farms  given  in  the  Tenth  Census.  The 
difference  between  the  total  area  of  a  county  and  the  area  of  improved 
land  in  farms  is  found  to  be^  in  the  New  Jersey  portion  of  the  Dela- 
ware water-shed^  10  per  cent,  in  excess  of  the  amount  of  forest  ob- 
tained from  actual  survey.  Applying  these  figures  we  obtain  the 
following  table,  which  we  believe  is  not  far  from  the  truth.  We 
have  set  down  the  percentage  of  improved  land,  and  of  the  remainder 
10  per  cent,  has  been  classed  as  barrens.  This  portion  includes 
waste  land,  highways,  city  and  town  sites,  &c.  The  part  classed  as 
forest  may  be  safely  assumed  to  run  pretty  evenly  through  all  the 
grades,  from  brush  land  to  heavy  timber : 

POPULATION  AND  PROBABLE  FOREST  ON  DELAWARE  WATER-SHED. 

Population     ImproTed  Lands.  Barrens.        Forest, 
per  Square  Mile.       Percent.  Percent.       Percent. 

Above  Water  Gap 31  34  7  59 

Above  EabtOD 43  39  6  55 

Above  Trenton 98  43  6  51 

Lehigh  River 415  48  5  47 

The  above  table  shows  also  the  population  per  square  mile^  which 
is  seen  to  be  very  small  for  the  portion  above  Easton.  On  the  water- 
shed above  the  Water  Gap  the  population  has  decreased  considerably 
between  1880  and  1890,  the  above  figures  beiug  based  on  the  census 
of  1890.  On  the  Lehigh  and  the  lower  water-shed  the  population  is 
larger  and  increasing. 

Daring  a  discussion  of  the  flow  of  streams  at  a  meeting  of  the 
JLmerican  Society  of  Eogineers,  of  which  he  was  then  Vice  Presi- 
dent, the  late  Ashbel  Welch,  C.E.,  gave  the  followiug  information. 
This  was  November  3d,  1879 : 

*'  The  river  Delaware  discharge?,  at  the  driest  seaeons,  a  little  less 
than  2,000  cubic  feet  per  second.  *  *  *  When  I  first  knew  the 
Delaware,  nearly  half  a  century  ago,  the  minimum  flow  was  probably 
4,000  feet  per  second,  twice  as  much  as  now. 
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^^  The  2,000  cubic  feet  per  second  was  a  meafiarement  some  yean 
ago ;  the  4,000  cubic  feet  was  a  very  rough  measurement  at  the  time 
in  various  ways,  none  of  them  accurate,  but  still  corroborating  eadi 
other,  so  that  I  probably  eot  results  within  10  per  cent  of  the  trath. 

'^The  discharge  in  the  highest  flood  ever  known  before  1841,  that 
of  1787,  was  not  more  than  two- thirds  as  much  as  that  in  the  great 
flood  of  1841." 

J.  J.  R.  Oroes — ^'  Has  there  been  any  great  flood  since  1841  ?'' 

Ashbel  Welch — ^'  There  have  been  two,  one  of  which  was  nearly  if 
not  quite  as  high.  The  flood  of  1841  and  two  subsequent  floods  must 
have  discharged  nearly  twice  as  much  water  as  any  previous  floods 
since  1787,  and  50  per  cent,  more  than  the  flood  of  1787.  I  suppose 
that  there  is  not,  at  the  lowest  stages,  more  than  half  the  water  in  the 
Delaware  that  there  was  half  a  century  ago,  and  that  the  highest 
floods  carry  ofi^  50  per  cent,  more  per  hour  than  any  flood  known 
before  1841."    (Trans.  Am.  Soc.  C.  E.,  July,  1881,  page  243.) 

In  the  Annual  Report  of  the  Chief  Engineer,  United  States  Army, 
for  1873,  Appendix  U  19,  there  is  a  full  report  on  the  Delaware 
between  Easton  and  Trenton,  made  by  Assistant  Engineer  Mansfield 
Merriman.  The  following  notes  of  floods,  known  locally  as  "  freshes," 
have  been  abstracted : 

'^  The  time  required  to  bring  a  rafb  from  these  points  to  Easton 
varies  with  the  height  of  water  and  direction  and  force  of  wind.  In 
ordinary  rafting  freshets  of  five  to  ten  feet  {rise),  however,  the  time 
appears  to  be,  from  Delhi  to  Easton,  165  miles,  40  to  48  hours; 
from  Walcott  to  Eastoo,  165  miles,  40  to  48  hours;  from  Hancock 
to  Easton,  125  miles,  30  to  36  hours;  from  Callicoon  to  Easton,  100 
miles,  24  to  30  hours ;  from  Easton  to  Trenton  the  time  is  from  10 
to  12  hours;  so  that  the  entire  trip  from  Walcott  or  Delhi  to  tide- 
water is  performed  in  from  50  to  60  hours,  showing  the  mean  velocity 
to  be  from  4.3  to  3.6  miles  per  hour. 

^'  In  general  it  may  be  said  that  the  river  is  subject  to  three  classes 
of  floods;  the  ice  floods,  which  happen  at  the  breaking  up  of  the 
river ;  the  rafting  floods,  occurring  later,  from  the  spring  rains,  and 
the  fall  floods,  caused  by  the  storms  of  September  and  October,  which, 
however,  are  very  irregular. 

'^The  ice  floods,  at  Easton,  are  usually  from  10  to  20  feet  in 
height,  but  on  many  occasions  have  been  known  to  rise  much  higher, 
the  *  great  flood'  of  1841  having  reached  35  feet.  The  great  accu- 
mulation of  water  here  is  owing  to  the  ioflux  of  the  Lehigh,  a  very 
turbulent  stream  in  time  of  freshets,  and  to  the  narrow,  steep  ban^ 
between  which  the  Delaware  is  confined,  its  width  being  less  than 
600  feet. 

"  The  rafting  freshets  in  the  spring  are  of  less  rise,  but  of  longer 
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daration  than  the  ioe  floods ;  at  EastoOi  ranging  from  3  to  10  feet ; 
at  Lambertville^  1  to  8  feet,  and  at  Trenton,  1  to  6  feet.  A  very 
remarkable  rise,  however,  occurred  on  Jane  8th,  1862,  which  was  32 
feet  at  Easton,  and  next  to  that  of  1841,  the  greatest  flood  on  record. 
"The  following  is  a  partial  list  of  the  'great  floods/  with  the 
heights  to  which  they  rose,  as  nearly  as  can  now  be  ascertained : 


NAME  OF  FLOOD. 


Pumpkin  fresh. 
Jefferson  fresh.. 


Great  flood... 

June  fresh.... 
October  fresh 


DATE  OF  OCCURRENCE. 


October  6th,  1786, 

,1798. 

— ,1801 

— ,1814 

March  — ,1832 

April  — ,  1836 

April  — ,  1839 

January  8th,  1841 

October  13th,  1843 
March  15th,  1846 
June  8th,  1862 
October  — ,  1869 


HEIGHT  TO  WHICH  IT  ROSE  ABOVE 
LOW   WATER. 


{ 


{ 


16  feet  at  LambertTiUe. 

Not  as  high  as  last,  but  exact 
height  not  known. 

14  feet  at  Lambertville. 

14  feet  at  Lambertville. 

12  feet  at  Lambertville. 

14  feet  6  inches  at  Lambertville. 

14  feet  6  inches  at  Lambertville. 

35  feet  at  Easton,  23  feet  at  Bull's 
island,  20  feet  at  Lambertville, 
28  feet  at  Lamsin's  island. 

14  feet  at  Lambertville. 

17  feet  6  inches  at  Lambertville. 
42  feet  at  Easton. 

Exact  height  not  known.    


'<  The  point  which  has  been  particularly  forced  upon  my  attention^ 
in  connection  with  this  subject^  is  the  great  frequency  with  which 
floods  now  occur,  as  compared  with  the  time  previous  to  1836.  While 
the  preceding  table  is  supposed  to  contain  the  record  of  every  '  great 
fireshet'  previous  to  1841,  it  by  no  means  shows  those  occurring  since 
that  date.  In  fact,  they  have  become  too  common  to  be  a  matter  of 
record.  Previous  to  1836,  floods  of  12  feet,  at  Lambertville^  were 
considered  very  high,  while  14  feet  had  been  attained  only  three 
times  within  the  memory  of  man — in  1786,  1801  and  1814.  But 
since  that  time  floods  of  14  feet  have  become  common,  while  three 
have  occurred — 1841,  1846,  1862 — in  which  probably  one-third  to 
one- half  more  water  has  been  discharged  than  in  any  previously 
known.  This  is  undoubtedly  to  be  attributed  to  the  clearing  away  of 
the  forests  in  the  river  basin. 

**  To  recapitulate,  then,  this  branch  of  my  subject,  I  may  say  that 
the  stage  of  the  river  throughout  the  year  is  ordinarily  as  follows : 
January,  frozen  and  medium  height ;  February  and  March,  breaking 
up  and  high ;  April,  May  and  June,  high ;  July,  subsiding ;  August 
and  September,  low ;  October,  low,  but  subject  to  high  freshets ; 
November,  low,  often  very  low;  December,  rising  a  little  and 
freezing.'' 
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These  stages  agree  well  with  those  of  the  Oonneotioat,  and  the 
farther  agreement  in  low  seasons  and  flood-disoharges  leads  us  to  Ix 
goided  by  the  valnable  record  of  flow  of  this  stream  in  oompating  th< 
flow  of  the  Delaware.  The  flood  of  1869  rose  82  feet  at  Shapnad 
island^  below  Dingman's  Ferry.  At  Walker's  Ferry  it  was  2  feel 
lower  than  in  1841 ;  it  began  to  rise  at  midnight  of  Sonday,  reachec 
its  height  Monday  at  3  p.  m.^  and  was  within  its  banks  again  Taeedaj 
afternoon.  There  was  a  high  freshet  on  April  Ist,  1854^  on  th< 
upper  Delaware.  December  15th^  1878^  there  was  a  freshet  whid 
was  nearly  as  high  as  that  of  1869  at  Smith's  Ferry^  according  tf 
Mr.  D.  H.  Smith.  This  freshet  rose  20  feet  at  Carpenter's  Point 
Mr.  Smith  says  an  ordinary  freshet  requires  a  day  to  reach  its  height 
stays  at  its  maximum  only  an  hour  or  two,  and  recedes  in  another  day 

The  collection  of  fuller  flood- notes  of  this  stream  is  desirable^  anc 
a  careful  study  of  its  flow  should  be  made.  Almost  everywhere  th< 
flood  plain  of  the  river  has  been  built  up  to  the  height  of  maximnn 
floods,  for  with  its  rapid  current  the  stream  tears  away  great  volume 
of  earth,  and  as  soon  as  the  water  spreads  over  the  flats,  and  the  cur 
rent  is  checked,  this  detritus  is  deposited. 

At  Centre  Bridge  a  mark  was  made  by  Col.  Simpson  Torbett  anc 
Martin  Coryell  for  the  very  low  water  of  1831,  and  since  then,  u 
1879  and  1881,  very  low  stages  have  been  referred  to  the  same  mark 
The  mark  is  on  the  New  Jersey  abutment  of  the  bridge.  In  1831 
the  water  was  12  feet  below  this  mark;  in  1879  12.5  feet,  and  ii 
1881  13.21  feet.     (See  Climatology,  page  375.) 

During  the  preparation  of  this  report  a  series  of  gaugings  has  beei 
made  at  Centre  Bridge,  at  different  stages  of  the  river,  for  deter 
mining  its  discharge  for  given  heights.  From  the  results  of  thes< 
gaugings  and  observed  slopes  of  the  river  at  various  stages,  an< 
recorded  high-water  marks  of  various  floods,  we  have  been  able,  b] 
the  use  of  the  Kutter  formula,  to  prepare  the  accompanying  table  o 
discharges,  showing  maximum  and  minimum  flows  at  various  dates 
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OOmTTXD  FLOW  OF  1 

Diainage  arei,  6,790  squue  milcB, 
DrySecMn  FUnos. 


i 

'Is 

ii 

1 

il 

CUBIC   FEET   PKB  BBCOND. 

BATK. 

II 

1 
1 

if 

0. 

—.50 

-1.21 

.24 

-.31 

1.20 

1.05 
.82 

"i.os 

1,669 

ilsso 

860 
1,344 

1,919 
1,291 
697 
2,360 

0 
676 
676 
440 
810 

ilm 

1,721 

jMinary  8th,  1841^ 

Jane  8U),  1862*.... 

Awamcd  Rise  .. 


Itaiarj  14th,  1892... 

Aogiist  24ib,  1891 

JanuBiT  ]8lh,  1692... 

April  7th,  1892 

May  a4th.  1892. 


11.68 
11.19 
B.8I 
8.33 

5,89 

21,718  1 
19,934 
17,845  1 

8,426 

5.80 

7,847   ' 

253,643 
223,064 
173,097 
107.142 
49,623 
48,500 
46.513 
36,400 


173,672 
109,142 
60,198 
48,700 


Inaamnoh  aa  the  higheet  velomtiea  above  shown  exceed  tboee  nauall/ 
given  as  suffident  to  oaoBe  gradual  deetiuctioD  of  a  river-bed  of  strati 
fied  rook,  we  wiah  to  oall  atteDtion  to  one  assumption  in  making  up 
this  table  whioh  ma^  not  be  aocurate,  Thia  is,  that  the  height  of  the 
river-bed  has  remained  nnchanged  since  1831.  There  is  a  fair  proI> 
ability  that  it  has  been  lowered  somewhat,  and  if  so,  the  effect  woald 
be  to  make  the  disoharge  above  given  for  1831  somewhat  greater  than 
it  ahoold  be.  It  must  not,  therefore,  be  too  confidently  assumed  that 
the  flow  in  1881  was  lees  than  that  in  1831,  bat  even  if  such  should 
be  the  c»e,  it  woald  be  aocounted  for  fully  by  the  fact  that  the 
dronght  of  1831,  as  shown  by  the  rainfall  records  of  Philadelphia, 
in  l^ble  No.  II,  was  by  no  means  so  severe  as  that  of  1881,  con- 
seqoently  we  have  no  warrant  for  the  assamption  that  the  miDimum 
Sow  of  the  river  ia  decreasing. 
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Still  worse  is  it  to  draw  inferences  from  the  height  of  the  river 
alone,  because  it  n^lects  the  &ci  that  in  1831  no  water  was  being 
diverted  from  the  river  into  the  canals,  as  was  the  case  in  1879  and 
1881.  The  canal  flow  given  in  the  table  includes  that  of  the  Dela- 
ware and  Raritan  canal  feeder  on  the  New  Jersey  bank,  and  that  of 
the  Delaware  division  of  the  Pennsylvania  canal  opposite. 

The  flood- flows  in  the  table  include  two  of  the  great  floods  of 
Prof.  Merriman's  list  previously  quoted,  consequently  we 'have  the 
means  of  judging  of  the  approximate  discharges  of  the  other  floods 
in  the  list.  That  of  1786  may  be  estimated  at  176,000  cubic  feet 
per  second.  Those  of  1801,  1814,  1836,  1839  and  1843  from 
140,000  to  150,000  cubic  feet  per  second,  and  that  of  1832  at 
115,000  cubic  feet  per  second.  It  should  be  noted  that  in  dealing 
with  the  floods  on  the  Passaic  and  Raritan  we  consider  nothing  less 
than  8,000  cubic  feet  per  second,  or  about  9  cubic  feet  per  second  per 
square  mile.  The  equivalent  for  the  Delaware  at  Centre  Bridge 
would  be  56,000  cubic  feet  per  second.  Our  table  above  gives  every 
rise  from  August  24th,  1891,  to  December  30th,  1892,  including 
those  as  low  as  34,000  cubic  feet  per  second.  The  accompanying 
diagram  of  flow  for  this  period  gives  a  better  idea  of  the  fluctuations 
of  the  stream,  especially  if  we  compare  it  with  the  Passaic  diagram 
for  the  same  time.  The  fluctuations  are  quite  sharp  and  frequent. 
It  is  to  be  noted  that  Mr.  Welch  remarks  that  there  have  been  two 
floods  since  1841  nearly  as  high.  This  probably  refers  to  the  floods 
of  1862  and  1869.  Our  table  shows  that  of  1862  to  have  been  two 
feet  lower  at  Centre  Bridge.  It  may  be  inferred,  therefore,  that  the 
flood  of  1869  is  the  one  to  which  Mr.  Welch  referred  as  having  been 
nearly  or  quite  as  high  as  that  of  1841.  Mr.  Welch  has  remarked 
that  the  flood  of  1811  must  have  discharged  50  per  cent  more  than 
the  flood  of  1787,  by  which  we  assume  that  he  meant  the  flood  of 
1786,  recorded  by  Prof.  Merriman,  and  is  seen  to  be  in  accordance 
with  our  figures,  as  we  estimate  175,000  cubic  feet  for  the  former 
and  about  255,000  cubic  feet  for  the  latter  flood.  He  also  says  that 
the  flood  of  1841  probably  discharged  nearly  twice  as  much  water  as 
any  previous  floods  since  1787,  and  as  we  find  nothing  recorded  in 
this  interval  exceeding  150,000  cubic  feet  per  second,  it  will  be  noted 
that  our  figures  for  1841  are  really  about  67  per  cent,  in  excess  of 
those  reported  in  the  interval.  Our  rainfall  curves  in  Plate  I.  seem  to 
suggest  an  explanation  of  this  fact,  as  the  Philadelphia  record  indi- 
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catoe  that  prior  to  1841  there  had  been  quite  a  long  period  of  low 
rainfidl^  bat  in  that  year  a  maximam  was  reached.  We  also  find 
that  the  next  maximum,  slightly  greater  than  that  of  1841,  occurred 
aboat  1868  or  1869.  Consequently  we  find  nothing  in  the  history  of 
the  great  floods  of  the  Delaware  indicating  that  there  has  been  any 
increase  that  is  not  explained  by  heavier  rainfall. 

The  conditions  which  bring  about  extreme  floods  are  usually  either 
a  heavy  fall  of  warm  rain  upon  the  water- shed  when  it  has  already  a 
heavy  covering  of  snow,  or  else  when  the  ground  is  so  frozen  that  it 
cannot  absorb  any  water ;  or,  secondly,  in  summer  the  fall  of  rain  to 
the  extent  of  six  or  seven  inches  in  excess  of  what  the  ground  has  the 
capacity  to  absorb.  When  such  conditions  occur  a  heavy  flood  must 
result,  and  it  cannot  be  prevented  by  the  presence  of  forests  or  the 
uncultivated  condition  of  the  water-shed.  So  with  the  extreme  dry- 
season  flow  of  a  stream.  It  is  determined  by  the  rate  at  which  the 
earth  will  deliver  up  its  water  at  a  time  when  this  water  is  drawn  far 
l)eIow  the  level  at  which  it  can  be  influenced  by  forests  or  crops. 
These  figures  for  the  Delaware  seem  to  indicate,  therefore,  that  we  are 
sot  to  look  to  any  change  in  the  extreme  high  floods  or  in  the  ex- 
treme low-season  discharge,  but  the  testimony  given  by  Mr.  Welch, 
and  much  similar  testimony,  nevertheless  undoubtedly  has  a  founda- 
tion, and  these  we  believe  to  rest  in  a  change,  not  in  the  extreme,  but 
in  the  intermediate  stages,  as  we  shall  explain  more  fully  later.  We 
may  note,  in  this  connection,  that  the  earliest  flood  upon  the  Delaware 
of  which  we  have  record  occurred  in  1692.  The  language  in  which 
it  is  recorded,  in  Smith's  History  of  New  Jersey,  Chapter  XII.,  is 
suggestive,  and  may  be  profitably  quoted.  The  '^  falls  of  Delaware  '^ 
are  at  Trenton : 

^^The  first  settlers  of  the  Yorkshire  tenth  in  West  Jersey  had 
several  of  them  built  upon  the  lowlands,  nigh  the  falls  of  Delaware, 
where  they  had  now  lived,  and  been  improving  near  sixteen  years ;. 
they  had  been  told  by  the  Indians  their  buildings  were  liable  to  be 
damaged  by  freshets,  and  the  situation  of  the  place  must  have  made 
it  probable.  They  had,  however,  got  up  several  wooden  tenements 
and  outhouses  which,  in  the  spring,  were  accordingly  generally  demol- 
ished. The  snows  suddenly  melting  above  caused  an  uncommon 
oveiflow  of  the  river;  there  have  been  many  great  floods  since,  but 
none  quite  so  high  ;*  it  came  upon  them  so  unexpectedly  that  many 
were  in  their  houses  surrounded  with  water,  and  conveyed  to  the 
opposite  shore  by  neighbors  from  thence  in  canoes.    The  water  con- 

*Thi0  was  written  in  1765. 
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tinaed  risiiig  till  it  reached  the  upper  stories  of  some  of  the  houseSi 
then  most  or  all  of  them  gave  way  and  were  dashed  to  pieces ;  many 
cattle  were  drowned;  beds,  kettles  and  other  famitare  were  picked 
ap  on  the  shores  below ;  the  frights  and  damages  were  considerable ; 
two  persons,  in  a  house  carried  away  by  the  sweeping  torrent,  lost 
their  lives  before  they  oonld  be  got  oat.  This  accident  tanght  the 
owners  here  to  fix  their  habitations  on  higher  ground,  and  was  what 
is  commonly  called  the  great  flood  at  Delaware  folia.*' 

We  have  adopted  the  maximum  and  minimum  flows  shown  in  our 
table  above  for  the  Delaware.  The  former  is  at  the  rate  of  37.6 
cubic  feet  per  second  per  square  mile  and  the  latter  0.19  cubic  feet 
per  second  per  square  mile.  The  flood-flow  from  a  large  water-shed 
like  that  of  the  Delaware,  haying  its  branches  distributed  at  intervak 
along  the  main  stream,  is  invariably  at  a  lower  rate  per  square  mile 
than  for  smaller  water-sheds.  We  may  illustrate  the  reason  for  this 
by  a  single  example.  The  drainage  areas  of  the  Delaware  above 
Gallicoon  and  of  the  Lehigh  river  at  Easton  are  about  equal,  and  it 
appears  that  floods  reach  their  maximum  at  these  two  places  in  about 
the  same  time  from  the  beginning  of  the  rise.  The  distance  from 
Gallicoon  to  Easton,  however,  is  100  miles,  and  we  have  seen  that  it 
takes  a  raft,  during  a  rise  of  from  6  to  10  feet,  from  24  to  30  hours 
to  traverse  this  distance,  floating  with  the  current  It  will  be  seen 
that  this  gives  sufiBcient  time  for  the  Lehigh  flood  to  be  entirely  dis- 
charged before  that  from  Gallicoon  reaches  Easton,  consequently  the 
two  floods  pass  down  the  lower  river  in  succession,  and  the  duration 
of  a  flood  on  that  part  of  the  stream  is  longer  but  the  rate  of  dis- 
charge is  less. 

The  accompanying  table  of  gaugings  at  Stockton,  or  Gentre  Bridge, 
covering  over  16  months,  indicates  that  the  evaporation  from  the 
Delaware  water-shed  is  about  17.7  per  cent,  less  than  what  we  have 
observed  for  the  Passaic,  Groton  and  Sudbury,  whereas  the  difference 
in  mean  temperature  would  account  for  a  difference  of  11.5  per  cent, 
only.  In  the  absence  of  a  longer  period  of  gaugings,  we  prefer  to 
adopt  the  evaporation  deduced  from  temperature,  as  this  will  give  a 
flow  which  will  be  on  the  safe  side.  We  have  used  the  above  gaug- 
ings in  connection  with  the  series  previously  given  for  the  Gonnecti- 
cut  river  to  determine  the  ground-flow  curve  for  the  Delaware,  shown 
in  Plate  VI. 

We  have  estimated  the  flow  of  the  Delaware  to  be  as  shown  in 
Table  No.  57. 
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Water- iupply. — The  Delaware  has  great  prospective  valae  as  a 
sonroe  of  water-snpplj  for  the  cities  of  oar  own  and  adjacent  States. 
While  below  Easton  and  the  oonflaence  of  the  Lehigh  there  is  grow- 
ing eoDUmination,  it  will  be  seen  by  the  results  of  chemical  analyses, 
whieh  we  famish  later^  that  there  are  at  present  no  evidences  of 
serioiiB  poUation  above  the  city  of  Trenton.  We  have  previously 
shown  the  proportion  of  forest  and  the  population  per  square  mile, 
both  of  which  are  good  indications  of  its  fitness  as  a  source  of  supply, 
eiyedally  above  Easton.  The  portion  above  the  Water  Gap  is  not 
likely  to  beoome  more  populous  for  a  long  period  of  years,  and 
famiflheSy  in  all  respects,  a  most  desirable  gathering-ground  for  public 
water-sapply.  Although  it  may  be  in  the  far  future,  we  believe  that 
this  18  destined  to  become  the  ultimate  recourse  of  our  large  metro- 
politan distriot  The  Delaware  already  supplies  142,636  inhabitants 
of  New  Jersey  with  water,  the  total  consumption  being  17,010,464 
gallons  daily.  At  Trenton,  the  maximum  flow  we  estimate  at  1,314 
cnbio  feet  per  second  under  natural  conditions,  but  383  cubic  feet  per 
seoond  is  diverted  for  canal  purposes,  leaving  931  cubic  feet  per  second 
minimam  flow.  Probably  the  river  does  not  fall  as  low  as  this 
oftener  than  once  in  a  generation.  This  gives  601,600,000  gallons 
daily  as  the  supply  without  storage.  Water  is  pumped  from  the 
river  here  for  the  supply  of  the  city  of  Trenton.  At  the  least 
monthly  flow  shown  by  the  table,  the  natural  flow  of  the  river  at 
Trenton  amounts  to  880,000,000  gallons  daily.  At  Point  Pleasant, 
it  has  ftfaready  been  proposed  to  pump  water  from  the  river  for  the 
aapply  of  the  dty  of  Philadelphia,  the  pumping  to  be  done  by  water- 
power.  '  The  elevation  of  the  river  here  is  69  leet,  and  the  drainage 
6|690  aqoare  miles.  We  estimate  the  minimum  flow  to  be  1,258 
oabio  feet  per  Eeoond,  or  810,000,000  gallons  daily,  and  the  least 
monthly  flow^  as  per  the  table,  840,000,000  gallons  daily.  At  Phil- 
lipsborg  and  Easton,  above  the  mouth  of  the  Lehigh,  the  water-shed 
is  4,880  square  miles  and  the  minimum  flow  930  cubic  feet  per  second, 
or  600,000,000  gallons  daily.  With  storage  amounting  to  6.07 
ioohea  on  the  water-shed,  the  total  supply  would  be  3,260,000,000 
gallons  daily. 

At  the  Water  Gap,  at  an  elevation  of  296  feet,  we  have  4,020 
aqnare  miles  drainage  and  a  minimum  flow  of  764  cubic  feet  per 
seoond,  or  494,000,000  gallons  daily.  With  storage  amounting  to 
5.07  inches  on  this  water-shed,  the  total  supply  in  the  driest  period 

16 
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will  amouot  to  2,680)000,000  gallons  daily.  While  we  have  no  com- 
plete Borveje  of  this  area,  from  what  we  know  of  it^  it  is  believed 
that  this  storage  ooold  be  readily  obtained.  At  the  State  line^  the 
water-shedy  inclading  Neversink  river,  is  3,600  square  miles,  and  we 
estimate  a  mioimam  flow  of  673  cabic  feet  per  second,  or  435,000,000 
gallons  daily.  At  the  least  monthly  flow  shown  in  the  table,  467,- 
000,000  gallons  daily  is  available,  and  with  storage  amoonting  to 
6.07  inches,  2,400,000,000  gallons  daily  may  be  obtained. 

Water-power. — In  the  past,  the  rafting,  and  earlier,  the  flat-boat 
navigation  of  the  Dela?Fare,  and  also  the  fishing  interests,  have  had 
an  importance  considerably  greater  than  the  water-power,  and,  in 
consequence,  legislation  has  favored  the  former  at  the  expense  of  the 
latter.  Under  the  changed  conditions  which  now  exist,  it  is  probable 
that  it  woald  not  be  difficult  to  obtain  a  modification  of  the  laws 
more  in  conformity  with  the  present  relative  importance  of  these 
various  interests,  and  more  favorable  to  the  development  of  water- 
power.  Under  the  present  conditions,  it  is  difficult  to  build  proper 
dams.  While  it  may  be  possible  to  dispense  with  high  dams,  it  is 
very  necessary  that  they  should  be  reasonably  tight,  so  that  the  whole 
of  the  minimum  flow  may  be  made  available.  For  the  most  part, 
conditions  are  favorable  to  development  by  means  of  low  dams  and 
long  raceways,  although  cases  exist  where  high  dams  would  be  prder- 
able.  There  seems  little  doubt  that  a  large  amount  of  water-power 
on  the  Delaware  could  be  profitably  utilized.  A  great  deal  is  being 
done  in  the  West,  where  the  natural  difficulties  are  greater  than  upon 
this  stream,  and  if  it  had  not  been  that  fuel  was  much  cheaper 
here,  there  can  be  little  doubt  that  the  Delaware  would  have  been 
much  more  fully  utilized.  Much  of  this  power  is  favorably  situated 
for  electric  transmission  to  Trenton  and  other  manufacturing  points, 
or  for  use  as  a  motive  power  for  electric  railways. 

The  first  developed  water-power  of  any  importance  upon  the  river 
is  that  of  the  Trenton  Water- Power  Company,  consisting  of  a  low 
and  leaky  dam  of  stone  and  timber,  containing  a  chute  for  the  pas* 
sage  of  rafts,  and  a  raceway  six  and  three-quarter  miles  in  length. 
The  dam  is  at  Scudder^s  falls,  at  an  elevation  of  21  feet,  and  a  list  of 
the  water-power  is  given  in  Appendix  I.  It  is  used  on  heights  vary- 
ing from  9  to  14  feet,  and  a  total  of  796  gross  horse-power  is  rented. 
The  rental  is  said  to  be  approximately  equivalent  to  $60  per  gross 
horse-power  per  annum,  but  varies  somewhat,  the  preference  being 
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given  to  some  of  the  original  leeseeB.  This  water-power  company 
was  originally  incorporated  as  the  Trenton  Delaware  Falls  Com- 
pany in  1831|  and  the  works  were  considerably  improved  in  1866. 
We  estimate  that  the  power  aotoally  need  is  eqnal  to  65  horse-power 
on  1  foot  Ml,  or  about  484  cubic  feet  per  second.  We  estimate  the 
least  natural  flow  of  the  river  to  be  1^314  cubic  feet  per  second^  and 
deducting  the  above  amount  and  383  cubic  feet  per  second  diverted 
for  the  use  of  the  canal^  we  still  have  447  cubic  feet  per  second 
unused  at  Trenton  at  the  time  of  minimum  flow^  or  60.7  horse- power 
per  foot  fall,  and  the  amount  becomes  as  little  as  this  probably  not 
oftener  than  once  in  a  generation.  We  estimate  the  total  available 
power  during  9  months  of  the  year,  exclusive  of  the  amount 
-used  by  the  Trenton  Water- Power  Company  and  the  canals,  to  be 
447  horse-power  per  foot  fall.  Eight  feet  fall  may  be  readily 
obtained  by  a  low  dam  and  short  raceway,  so  that  we  have  at  the 
minimum  406  horse-power,  and  for  9  months  of  the  year,  3,676 
horse-power.  The  lowest  flow  in  an  ordinary  dry  year  would  give 
^S66  horse-power  per  foot  fall,  or  2,048  horse-power  on  8  feet  fidl  day 
and  night.  The  same  amount  of  power  per  foot  fall  is  available  at 
any  point  from  Trenton  to  below  the  dam  at  Scudder's  falls,  the  total 
fidl  of  the  river  in  this  distance  being  21  feet.  Five  feet  of  this  fall 
oould  be  readily  developed  at  Gould's  rift,  just  below  the  Beading 
railroad  bridge,  giviug  260  horse-power  at  the  lowest  stage  of  the 
river^  1,280  horse-power  at  the  lowest  for  ordinary  dry  years  and 
2,300  horse-power  for  9  months  of  the  year,  exclusive  of  the  amounts 
used  by  the  Trenton  Water- Power  Company  and  the  canals.  Just 
above  Scudder's  falls,  it  would  be  practicable  to  build  a  dam  16  feet 
in  hdght  and  still  to  leave  room  for  the  passage  of  floods  without 
interfering  with  the  canal  and  railroad.  Such  a  dam  would  back 
water  to  the  foot  of  Welles  falls,  and  would  develop  1,676  horse- 
power at  the  minimum  flow  of  the  river,  as  we  have  here  to  allow 
only  for  the  water  diverted  through  the  canals.  Seven  thousand 
five  hundred  horse-power  would  be  available  on  this  fall  during  9 
months  of  the  year.  At  the  head  of  Welles  falls,  at  Lambertville,  we 
estimate,  after  allowing  for  canal  diversion,  a  minimum  of  103  horse- 
power per  foot  fall,  and  for  9  months  of  the  year,  494  horse-power. 
There  is  a  fall  of  14  feet  here  in  a  distance  of  1,500  feet^  which  would 
give  a  minimum  of  1,442  horse-power,  and  for  9  months  of  the  year, 
6,900  horse-power  day  and  night. 
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Appendix  L  shows  the  water-power  in  nse  along  the  feeder  of  the 
Delaware  and  Baritan  oanal.  Above  Lambertville  107  gross  horse- 
power is  osed;  at  Lambertville  452  hoise-power^  and  below  18S 
horse-power,  all  of  which  water  is  drawn  from  the  feeder  and  flows 
into  the  river,  while  the  water  passing  from  the  upper  to  the  lower 
level  of  the  feeder  at  Lambertville  affords  636  horse-power,  pving  a 
total  of  1,378  gross  horse-power  fomiBhed  by  the  feeder.  We  estimate 
the  total  minimum  flow  of  the  river  at  Ball's  island,  at  the  head  of  the 
feeder,  to  be  1,286  cabie  feet  per  second,  and  allowing  for  324  cnbic 
feet  needed  to  supply  the  canal  below,  96 1  cubic  feet  per  second,  or 
109  horse-power  per  foot  fall,  could  be  obtained  at  Lambertville  if  all 
of  the  water  of  the  river  should  be  diverted  into  the  feeder.  As  18 
feet  fall  is  obtainable  there,  1,962  horse-power  would  be  furnished. 
This  power  could  be  had  by  simply  tightening  the  dam  at  Bull's 
island,  and  perhaps  slightly  raising  the  banks  of  the  feeder,  as  this 
upper  part  of  the  feeder  has  practically  no  use  for  purposes  of  navi- 
gation. At  Point  Pleasant,  just  above  Bull's  island,  Mr.  Budolph 
Hering,  C.E.,  in  his  Beport  upon  Surveys  for  Future  Water-Supply 
for  the  City  of  Philadelphia,  in  1885,  estimated  that  at  a  cost  of 
$684,669  a  plant  could  be  installed  at  Point  Pleasant,  with  16  feet 
fall,  including  a  masonry  dam,  forebay,  turbines,  &c.,  complete.  We 
estimate  here  for  the  minimum  flow  146  horse-power  per  foot  fall, 
which  would  give,  on  16  feet  fall,  2,190  horse- power.  The  least  flow 
for  ordinary  dry  years  would  give  7,095  horse- power,  and 'the  power 
available  for  nine  months  of  the  year  would  be  8,025  horse-power. 
This  is  evidently  a  fine  opportunity  to  develop  a  large  amount  of 
power.  Six  per  cent,  on  the  above  cost  would  make  the  cost  of  the 
minimum  power  only  $19  per  annum  per  gross  horse-power  for  24 
hours  daily,  which  is  a  low  rate.  We  are  now  above  the  point  where 
the  river  flow  is  affected  by  the  draught  of  the  Delaware  and  Baritan 
canal. 

The  above  dam  would  back  water  to  the  rapids  known  as  the 
Tumble,  one  and  one-half  miles  above.  Just  above,  near  Tumble  sta- 
tion, another  15-foot  fall  could  be  developed  with  the  same  power  as 
that  at  Point  Pleasant.  It  will  be  seen  that  we  have,  on  a  distance 
of  two  and  one-half  miles  along  the  river,  and  at  a  point  25  miles 
from  the  city  of  Trenton,  an  aggregate  minimum  power  of  4,380 
horse-power  day  and  night,  and  almost  always  a  large  amount  of 
surplus  power. 


^ 
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Below  the  moath  of  the  Lehigh,  at  Easton,  we  eetimate  a  mini- 
mam  of  134  horse-power  per  foot  fall,  and  for  9  months  of  the  year 
490  horse-power  per  foot  fall.  The  total  fall  of  the  river  from  this 
point  to  the  head  of  the  power  above  mentioned  at  Tumble  is  66  feet. 
At  several  intermediate  points,  by  a  similar  development,  powers  as 
good  as  this  mentioned  at  Point  Pleasant  ooald  be  developed,  or  for 
less  expensive  development  by  low  dams  and  raceways  we  have  the 
following :  Ferman's  falls,  below  Milford,  6  feet  fall  by  a  low  dam 
and  raceway,  1,000  feet  long;  Nockamixon  falls,  at  Holland  station, 
6  feet  fidl  by  a  low  dam  and  1 ,300  feet  of  raceway ;  Lynn's  falls,  at 
Holland  station,  9  or  10  feet  fall  with  2,000  feet  raceway ;  at  Darham 
fidlsy  4  feet ;  Booky  falls  and  Groandhog  falls  together,  6  feet ;  Old 
Bow  and  Clifford,  10  feet  fall  by  a  low  dam  and  one  and  one-half 
miles  noeway,  and  at  Phillipsburg  rift,  6  feet  fall. 

Above  the  month  of  the  Lehigh,  at  Phillipsburg,  we  estimate  the 
minimum  power  at  106  horse-power  per  foot  fall,  and  for  9  months 
of  the  year  386  horse-power.  Below  the  mouth  of  the  Pequest,  at 
Belvidere,  we  have  a  minimum  of  102  horse- power,  and  for  9  months 
370  horse-power  per  foot  fall.  Between  this  and  Easton  the  total 
fall  is  73  feet,  and  at  several  points  from  10  to  16  feet  fall  could  be 
readily  developed.  At  Foul  rift,  just  below  Belvidere,  a  total  fall  of 
16  feet  oonld  be  obtained,  either  by  a  dam  at  the  head  of  the  rift  and 
a  raceway,  or  a  higher  dam  near  the  foot  of  the  rift.  The  bed  of  the 
river  here  is  solid  ledge.  This  would  give  a  total  of  1,632  horse- 
power minimum  and  6,920  horse-power  for  9  months  of  the  year. 

At  the  Water  Grap  we  estimate  the  minimum  at  87  horse-power, 
and  for  9  months  317  horse- power  per  foot  fall.  The  total  fall  to 
Belvidere  is  60  feet,  and  two  sites  of  10  feet  each  could  be  obtained 
between  Belvidere  and  Manunka  Chunk.  There  are  several  oppor- 
tanities  to  develop  from  6  to  10  feet.  Near  Port  Jervis,  at  the  State 
line,  we  estimate  a  minimum  of  78  horse-power,  and  for  9  months 
284  horse-power  per  foot  fall.  The  total  fall  from  here  to  the  Water 
Gap  is  111  feet,  with  several  opportunities  to  develop  from  10  to  20 
feet  fall  if  desired,  and  there  are  no  improvements  to  be  interfered 
with. 

BED  SANDSTONE  BRANCHES  OF  THE  DELAWARE. 

These  streams  belong  to  the  flashy  class,  of  which  the  flow  is  given 
in  Table  No.  66.  This  table  is  based  on  the  flow  of  the  Tohickon 
and  Neehaminy,  on  the  Pennsylvania  side  of  the  river,  and  very 
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similar  to  these  New  Jersey  branches.  They  have  only  a  local  im- 
portance^  and  are  none  of  them  of  large  size,  their  chief  distinction 
being  their  nnosaally  long  Indian  names. 

Hakihokake  creek  enters  the  Delaware  at  Milford^  and  drains  17.4 
square  miles.  Its  water-shed  lies  partly  npon  Mnsconetoong  monn- 
tain^  one  of  the  Highland  ridgefi,  conseqaently  its  flow  is  probably 
somewhere  between  that  shown  by  Table  61  and  Table  66.  There  is 
some  power  developed  at  Milford,  and  we  estimate  aboat  0  9  horse- 
power per  foot  fall  at  that  point. 

Harihokake  creek  drains  10.1  lEqaare  miles,  giving  about  0.4  horse- 
power per  foot  fall  at  its  mouth.  Nichisakawick  creek  drains  10.& 
square  miles,  and  Lockatong  creek  is  somewhat  larger,  draining  23.8 
square  miles.  Its  headwaters  are  on  a  high  and  level  red  sandstone 
plateau,  and  in  the  short  distance  between  Milltown  and  the  Delaware 
its  total  fall  is  340  feet,  so  that  even  with  its  rather  small  flow  in  dry 
seasons  a  considerable  amount  of  power  could  be  developed.  We 
estimate  0.66  horse-power  per  foot  fall  at  the  mouth,  and  60  feet  fall 
could  be  quite  readily  improved,  giving  40  horse-power  continuous 
for  9  months.  Wickecheoke  creek  drains  26.9  square  miles,  with  an 
available  power  of  0.75  horse-power  per  foot  fall  at  the  mouth. 
Alezsocken  creek  enters  the  Delaware  just  above  Lambertville,  but 
oflers  no  very  good  opportunities  for  development.  Swan's  creek,  at 
Lambertville,  lies  mostly  upon  the  trap  ridge  east  of  this  place,  and 
supplies  the  city  with  water  by  gravity.  Above  the  reservoirs  the 
drainage  area  is  about  1.5  square  miles,  and  the  present  consumption 
of  water  is  200,000  gallons  daily,  there  being  22,000,000  gallons 
storage. 

Those  who  are  familiar  with  these  streams  will  not  fail  to  appre- 
ciate the  low  summer  flow  which  is  ascribed  to  them  by  Table  No.  56. 
They  are  very  often  dry  during  the  autumn  months,  but,  as  shown 
by  the  table  referred  to,  owing  to  the  fact  that  there  is  much  less 
storage  to  be  depleted,  and  consequently,  less  to  be  made  good  in  a  * 
time  of  replenishment,  they  feel  the  effects  of  heavy  rains  much  more 
quickly  than  streams  with  larger  storage.  It  is  also  true  that  the 
rate  at  which  rain  can  be  absorbed  by  these  water-sheds,  even  when 
the  storage  is  depleted,  is  limited,  consequently,  if  rain  falls  heavily 
in  a  very  short  time,  it  sometimes  runs  off  in  floods  without  entirely 
replenishing  the  depleted  storage. 
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SOUTHERN  NEW  JERSEY  STREAMS. 

The  lemainiiig  streams  of  the  State  all  have  a  strong  family  likeness, 
owiag  to  a  marked  similarity  in  the  topography  and  geology  of  their 
water-sheds.  Practically  all  of  these  are  below  200  feet  elevation. 
They  are  flat  and  consist  mainly  of  sand  and  gravel,  conseqnently  we 
need  bat  two  curves  of  groand-storage  for  the  whole  district.  These 
are  shown  in  Plate  YI.  The  one  for  streams  of  low  relief  and 
smaller  groand-storage  is  based  partly  upon  the  flow  of  the  Rancocas, 
as  shown  in  the  tables  of  gaugbgs  which  we  give  later,  and  partly 
upon  other  data.  The  second  type,  based  on  the  gaugings  of  Great 
Egg  Harbor  river,  is  suited  to  the  larger  streams,  having  a  consider- 
able amount  of  swampy  area  upon  their  water-sheds  or  a  higher  and 
bolder  relief.  It  will  be  seen  that  the  flow  of  these  streams  for  a 
pyen  depletion  of  ground- water  is  much  larger  than  that  of  northern 
New  Jersey  streams.  A  part  of  the  heavy  run  of  the  streams  during 
the  earlier  months  is  undoubtedly  from  swamp* storage.  The  wooded 
swamps  of  southern  New  Jersey  are  full  of  fallen  logs,  peaty  matter 
and  absorbent  mosses,  which  retain  the  water  almost  like  a  large  lake. 
This  water  finds  its  way  gradually  out  to  the  stream,  and  finally,  in 
very  dry  times,  the  swamp  becomes  drained  to  a  great  depth,  as  evi- 
denced by  the  depth  to  which  fire  penetrates  when  they  become 
Ignited  at  such  seasons.  At  the  beginning  of  the  dry  season  this 
swamp- water  is  constantly  replenished  by  the  ground- water  coming 
in  from  the  higher  areas  of  sand  and  gravel.  It  is  no  doubt  the  final 
depletion  of  this  swamp-storage  which  is  marked  by  the  rapid  fall  of 
the  flow  curve  when  storage  depletion  has  reached  four  or  five  inches, 
bat  the  lowest  flow  which  we  have  any  record  of  for  these  streams 
does  not  fall  below  0.3  inch  per  month.  For  all  of  this  part  of  the 
State  the  temperature  is  about  the  same,  so  that  evaporation  is  every- 
where 14  per  cent,  in  excess  of  that  given  by  the  Paseaic  formulse. 
In  our  analysis  of  rainfall  we  have  seen  that  the  average  varies  suffi- 
oiently  to  divide  the  district  into  three  subdivisions.  These  are 
designated  as  Branches  of  Delaware  below  Camden,  Branches  of 
Delaware,  Camden  to  Trenton,  and  Coast  streams.  Maurice  river  has 
been  included  in  the  latter  class,  as,  alth9ugh  it  is  in  the  basin  of  the 
Delaware,  it  partakes  of  all  the  climatic  and  topographic  features  of 
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Great  Egg  Harbor,  Mullica  and  other  coast  streams.  This  last  large 
subdivision  is  divided  into  two  types  of  stream,  one  for  eaok  of  the 
classes  represented  by  the  two  storage  carves  which  we  have  noted. 
The  two  subdivisions  on  the  Delaware  slope  are  both  represented  by 
the  curve  of  smaller  storage- flow,  consequently  each  of  these  is  repre- 
sented by  one  flow  table  only.  Tables  Nos.  58, 59, 60  and  61,  there- 
fore, show  the  several  types  of  flow  of  southern  New  Jersey  streams. 
It  is  instructive  to  compare  the  above  tables  with  those  for  northern 
New  Jersey  streams.  The  better-sustained  dry-season  flow  is  very 
apparent,  but  nevertheless  the  total  run-ofl^  from  these  streams  is  seen 
to  be  less  than  for  those  of  the  north.  The  heavy  draughts  upon 
ground- storage,  of  course,  have  to  be  made  good  at  the  end  of  a  dry 
period,  and  the  result  is  shown  in  the  relatively  lighter  run-off  of  the 
second  year  of  our  driest  period,  although  the  first  year  shows  a 
larger  total  flow  in  the  face  of  the  much  larger  evaporation,  as  will 
be  seen  by  comparing  with  Table  No.  51  or  52.  Another  effect  of 
this  large  yield  of  water  from  storage  is  the  greater  capacity  for 
absorbing  heavy  rains,  such  as  that  of  the  second  September  of  our 
driest  period.  It  is  noticeable  that  in  southern  New  Jersey,  during 
that  September,  our  tables  show  a  stream  yield  of  2.32  to  1.78  inches 
against  from  7.27  to  6.90  inches  for  Kittatinny  valley  and  Highland 
streams,  or  the  Delaware.  Of  course  the  great  evaporation  has  its 
effect  here  also,  but  the  difference  is  mainly  due  to  the  large  depletion 
of  ground  and  swamp-storage.  There  is  no  lack  of  evidence  of  this 
much  lighter  flood-flow.  We  find  it  everywhere  in  the  small 
preparations  made  for  the  overflow  of  dams,  dependence  often  being 
had  almost  entirely  upon  flood-gates  to  carry  away  the  surplus  water, 
and  the  limited  bridge  opening,  the  long  embankments  of  sand  and 
gravel  thrown  boldly  across  the  valleys  in  a  manner  that  would  mean 
disaster  in  a  few  months  if  attempted  on  our  northern  streams,  and 
in  many  similar  constructions  which  stand  intact  here  for  centuries. 
Such  evidence  is  conclusive  as  to  the  small  flood- flow. 

The  maximum  discharge  of  these  streams  appears  to  rarely  exceed 
25  cubic  feet  per  second  per  square  mile.  We  have  remarked  that 
the  total  run-off  of  these  streams  is  less  than  that  of  northern  New 
Jersey,  but  this  is  made  up  in  a  measure  by  the  fact  that  their  more 
equable  flow  enables  us  to  utilize  a  given  amount  with  less  storage. 
The  streams  which  we  have  gauged  are  excellent  types  of  all,  and  we 
have  procured  some  data  for  other  streams  sufficient  to  prove  that 
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■^heae  gangiogs  fairly  represent  their  flow.  As  we  have  remarked, 
^eee  gangings  we  have  made  the  base  of  the  storage  carves  in 
i»lateVL 


TRIBUTARIES  OF  DELAWARE— TRENTON  TO 

CAMDEN. 

* 

The  flow  of  this  groap  of  streams  is  shown  in  Table  No.  58,  based 
^ipon  gangings  of  the  Batsto  and  Bancocas.  They  lack  the  great 
«wamp-8torage  peculiar  to  some  of  the  coast  streams,  bnt  neverthe- 
JesB  have  a  large  jield  from  ground-storage. 


ASSANPUNK  CREEK. 

This  stream  rises  near  Clarksburg,  Monmouth  county,  and  flows 
mlmost  due  west  17  miles,  joining  the  Delaware  at  Trenton.  It 
drains  89.6  Equare  miles,  27  of  which  is  on  the  red  sandstone,  and 
-the  balance  upon  the  clay  and  marl  region,  including  a  very  level 
^jurea  in  all  respects  similar  to  that  drained  by  the  upper  Millstone. 

The  stream  is  not  a  desirable  one  for  water-supply,  owing  to  the 
tigricultural  character  of  its  water-shed  and  its  flatness.  It  is  also 
rather  muddy.  We  estimate  the  power  at  Whitehead's  rubber-mill 
at  4.9  horse-power  per  foot  fall  for  9  months  of  the  year.  From  here 
to  the  Delaware  the  total  &11  is  40  feet,  most  of  which  is  utilized. 
At  the  mouth  we  estimate  the  available  power  at  6.75  horse-power 
per  foot  fall. 

OBOeBWICES   CBEEK. 

The  headwaters  of  this  stream  are  near  Wrightstown,  10  miles 
'Southeast  of  where  it  empties  into  the  Delaware,  near  Bordentown. 
It  drains  139.2  square  miles,  almost  entirely  included  in  the  marl 
region  of  the  State.  Its  headwaters  are  on  a  very  level  plain,  while 
the  lower  portion  traverses  a  small  valley  60  or  60  feet  deep,  and 
usually  less  than  half  a  mile  wide.  The  principal  tributary  is 
Doctor's  creek,  rising  near  the  headwaters  of  the  Assanpink,  at 
Clarksburg,  and  flowing  west  13  miles  to  its  junction  with  the  Cross- 
wicks  at  Yardville. 
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Waier-mippljf. — ^The  highly-agriooltaral  character  of  this  water* 
abed  10  not  fiivorable  to  its  parity  for  water-sapply  porpoees^  never- 
thdees  the  chemical  analyses  which  we  give  in  a  later  chapter  do  noi 
indicate  any  serious  natural  impurities.  The  water  is  used  for  the 
supply  of  Bordentown  and  has  not  given  entire  satisfaction,  but  thb 
is  believed  to  be  due  to  unwholesome  marshes  on  the  lower  portion  of 
the  stream  and  to  local  sewage  contamination.  We  estimate  the  total 
supplying  capacity  of  the  stream,  without  stora^,  at  23,600,000  gal- 
lons daily  at  its  mouth.  At  Grove ville,  above  the  junction  of 
Doctor's  creek,  we  estimate  the  total  flow,  without  storage,  at  18,400,- 
000  gallons  daily,  or  with  storage  to  the  amount  of  57,000,000 
gallons  per  square  mile,  51,600,000  gallons  daily.  A  considerable 
amount  of  storage  could  be  procured  aloug  the  main  stream. 

Doctor's  creek  will  suppl  j,  without  storage,  4,600,000  gallons  daily 
at  its  mouth  and  2,900,000,000  gallons  daily  at  Allentown.  It  is 
probably,  on  the  whole,  less  desirable  than  Crosswicks  creek. 

Back  creek  is  a  small  tributary  of  the  Crosswicks,  near  its  mouth* 
It  will  supply  at  Lowry's  mill-pond  1,340,000  gallons  daily  without 
fltorage.  The  result  of  a  chemical  analysis  of  this  stream  is  also 
given  in  a  later  chapter. 

Waier-pcwer. — Below  the  forks  of  Doctor's  creek,  we  estimate  the 
available  power  of  Crosswicks  creek  at  9.3  horse-power  per  foot  fall. 
The  stream  is  navigable,  however,  up  to  Groveville  for  canal  boats, 
and  power  cannot  well  be  developed  below  this  point.  At  Grove- 
ville, we  estimate  8.1  horse- power  per  foot  fall,  which  is  just  the 
amount  utilized.  At  Crosswicks,  we  estimate  the  available  power  for 
9  months  of  the  year  at  8  horse-power  per  foot  fall.  This  is  the 
amount  practically  in  use  here  also.  Just  above  this  place,  20  feet 
fall  could  be  improved  without  interfering  with  any  improvements 
upon  the  stream.  This  would  give  160  horse-power  day  and  night 
for  9  months  of  the  year,  and  in  the  driest  month,  66  horse-power 
day  and  night.  At  Walnford,  we  estimate  6  horse- power  per  foot 
fall.  Twenty  feet  fall  could  be  had  here  also,  giving  120  horse- 
power for  9  months  of  the  year.  The  amount  of  power  which  has 
been  developed  on  this  stream  ranges  very  close  to  our  estimates  of 
Available  power  for  9  months,  and  indicates  that  the  judgment  of 
good  millwrights  has  not  been  at  fault. 

On  Doctor's  creek,  at  Yardville,  we  estimate  2  horse-power  per  foot 
fall.    The  pondage  is  good,  and  at  least  twice  this  amount  is  no  doubt 
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available  for  working  hoars.  At  AUentown,  we  estimate  1.3  horse- 
power per  foot  fall^  which  is  also  probably  doable  for  working  hoars. 

BlaeVs  creek. — This  is  a  small  stream,  draining  22  sqaare  miles, 
and  its  water-shed  contains  a  good  deal  of  marl.  The  water  has  a 
green  oolor  and  is  not  of  ase  for  water-supply.  At  the  lowest  mill 
aite,  we  estimate  1.6  horse-power  per  foot  fall,  there  being  saffident 
pondage  to  doable  this  for  working  hoars. 

Aesiseu/nk  creek, — This  stream  is  generally  similar  to  Black's  oreek. 
Its  Indian  name  signifies  maddy  or  dirty  creek,  and  it  is  not  worthy 
to  be  considered  as  a  source  of  water-supply.  There  is  at  present  no 
power  developed  upon  this  stream,  which  is  somewhat  remarkable. 
At  the  first  bridge  above  Burlington,  the  drainage  being  about  40 
square  miles,  we  estimate  3  horse-power  per  foot  fisiU  available  for  9 
months,  and  as  much  as  20  feet  fall  could  be  improved,  giving  60 
horse-power  day  and  night. 

BANOOCAS  CREEK. 

Excepting  Maurice  river,  this  is  the  largest  tributary  of  the  Dela- 
ware from  the  State  of  New  Jersey.  Its  total  drainage  area  is  301.4 
square  miles.  The  main  creek  is  tidal  on  the  North  Branch  to  Moant 
Holly,  and  on  the  South  Branch  to  Lumberton.  It  is  navigable, 
with  4.6  feet  depth  at  low  water,  to  Centerton.  The  stream  forks  7 
miles  from  its  mouth,  and  the  South  Branch,  its  principal  affluent, 
drains  167  square  miles.  Its  headwaters  are  upon  the  pine  plains  of 
the  Tertiary  formation,  and  consequently  it  partakes  more  of  the 
character  of  the  coast  streams  than  the  other  streams  of  its  class. 

We  have  a  short  series  of  gaugings  of  the  Rancocas  at  Pemberton. 
While  these  gaugings  would  be  too  short  of  themselves  to  afford  a 
reliable  indication  of  the  flow  of  the  Rancocas,  they  are  long  enough 
to  show  us  the  similarity  of  this  flow  to  that  of  the  Batsto,  for  which 
we  have  a  much  longer  record. 
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For  this  series  we  are  iDdebted  to  Mr.  Anthony  J,  Morris,  of 
PembertoD. 


COUPABATTVK  FLOWS   F 


Bancocofl,  1890. 

Great  Egg  H&rbor,  1890... 


E   PEKIOna — APRIL  TO   4U0C8T. 

Baia.  Flow.  Lon  of  Kaln. 

Inches.  Inchea.         Inches. 

19.01  7.92            11.09 

19.86  8.38           11.49 


There  had  been  large  draught  upon  groand-water  during  this 
period,  whioh  was  not  replenished  at  the  end  of  Angnet. 

By  means  of  these  oomparative  figares  we  are  enabled  to  establish 
the  relation  of  &ow  of  the  Ranoocas  with  that  of  the  Batsto  and 
Great  ^gg  Harbor.  The  Rancooas  and  Great  Egg  Harbor,  for  1890, 
show  very  nearly  the  same  flow  and  evaporation  for  a  given  rainfall, 
and  the  Great  £^  Harbor  and  Batsto  show  a  like  resemblsnoe,  as 
ve  shall  see  later.  This  is  enough  to  convinoe  as  that  the  evapora- 
tion for  the  three  water-sheds  is  practically  the  same.  The  flow  of 
the  Sanoooas  is  that  shown  by  Table  No.  68. 

Wattr-mpply. — Like  the  coast  streams  of  southern  New  Jersey, 
although  the  npper  portion  of  the  Bancocas  is  quite  free  from  sedi- 
ment, it  has  a  brownish  oolor,  quite  pronounced  when  the  water  is 
seen  «n  maate,  but  scarcely  apparent  in  a  email  vessel.  This  color  is 
QBoally  aeoribed  to  the  cedar  swamps,  and  is  probably  of  a  peaty 
nature.  Cedar  swamp  water  has  a  slightly  aromatic  flavor  like  that 
of  cedar  wood,  and  is  highly  esteemed  by  many  for  its  medicinal 
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qualities.  Indeed,  it  is  this  which  has  given  Brown's  Mills,  upon  the 
north  branch  of  the  Rancoeas,  a  reputation  as  a  sanitarium.  This 
<x>lor  is  rather  prejudicial  to  the  water  when  used  for  domestic  supply, 
although  there  is  little  doubt  that  it  is  by  no  means  injurious.  The 
waters  of  the  Rancocas  are  used  for  the  supply  of  Mount  Holly. 

The  headwaters  above  the  villages  of  Pemberton,  Yincentown  and 
Medford  are  naturally  good,  wholesome  gathering-grounds  for  water- 
supply.  They  are  wooded  and  almost  entirely  uncultivated,  and, 
like  other  streams  of  this  r^ion,  practically  no  water  ever  finds  its 
way  over  the  surface,  but  passing  through  the  sand  to  the  streams,  is 
thoroughly  filtered  and  purified.  We  estimate  the  supplying  capacity 
of  the  North  Branch  at  Mount  Holly,  without  storage,  to  be  22,900,- 
000  gallons  daily.  Above  Brown's  Mills,  the  water-shed  is  26  square 
miles,  and  we  estimate  the  dry-season  flow  of  the  stream,  without 
storage,  to  be  4,370,000  gallons  daily.  This  is  an  extremely  flat 
water-shed,  and  opportunities  for  storage  are  lacking.  Mount  Misery 
brook  and  the  North  Branch  together,  at  their  junction  at  New  Lis- 
bon, drain  106.3  square  miles,  and  will  supply,  without  storage,  in 
the  driest  season,  17,800,000  gallons  daily.  The  South  Branch,  above 
Yincentown,  will  supply  9,000,000  gallons  daily  without  storage. 
There  are  some  opportunities  for  storage  upon  this  water- shed,  and 
perhaps  enough  to  utilize  10  inches  per  annum.  The  headwaters  of 
Haynes'  creek,  above  Taunton,  issue  from  the  gravel  hills  near 
Berlin,  and  the  water  is  pure  and  free  from  the  brown  color  to  which 
we  have  alluded.  Streams  of  this  portion  of  the  State  which  do  not 
flow  through  cedar  swamps  are  wonderfully  clear,  and  are  known  as 
white-water  streams.  These  headwaters  above  Taunton  and  similar 
streams  would  afford  a  water-supply  of  the  best  character. 

Water-power. — There  are  no  opportunities  for  mill  sites  on  the 
tidal  portion  of  the  stream.  At  Mount  Holly,  we  estimate  the  power 
of  the  North  Branch  for  9  months  of  the  year  at  10.2  horse-power 
per  foot  fall,  and  just  below  the  forks  of  Mount  Misery  brook,  near 
New  Lisbon,  it  is  7.95  horse-power  per  foot  fall.  Between  these  two 
points,  the  total  fall  is  35  feet,  all  of  which  has  been  improved  in  the 
past,  but  one  mill  site  at  Birmingham,  with  about  5  feet  fall,  is  not 
at  present  in  use.  At  Brown's  Mills,  there  is  a  large  mill-pond, 
which  is  now  used  only  as  a  part  of  the  pleasure  grounds  of  that 
well-known  resort.  We  estimate  the  available  power  here  at  1.95 
horse-power  per  foot  fall.    The  fall  is  9  feet  and  the  pondage  sufficient 


WATER-SUPPLY.  255 

to  oonoentrate  the  entire  flow  into  working  bours^  giving  doable  tbe 
above-estimated  power.  At  Hanover  fnmace,  we  estimate  0.75  horse- 
power per  foot  fall.  Here,  also^  there  is,  or  was  until  recently^  a 
large  pond,  and  the  fidi  is  10  feet  This  is  the  site  of  an  old  char^ 
<XMd  blast  fnrnaoey  with  grist  and  saw-mill,  and  the  power  is  not  at 
present  in  use. 

Mount  Misery  brook,  at  New  Lisbon,  will  give  for  9  months  5.6 
horae-power  per  foot  fidli  and  aboat  9  feet  fall  could  be  developed,  or 
15  feet  hy  eliminating  the  power  at  Lower  Mill.  At  the  site  of  the 
old  Mary  Ann  furnace  there  is  8  feet  fall  not  at  present  in  use.  The 
water-shed  is  38  square  miles,  and  the  available  power  2.85  horse- 
power per  foot  fall.  Just  above  this,  at  Mount  Misery,  a  saw-mill 
was  erected  as  early  as  1723.  Indeed,  many  of  the  sites  on  the 
Bancocas  date  back  to  about  the  banning  of  the  18  th  century,  and 
one  as  early  as  1680.  An  important  power  was  built  at  Pemberton 
in  1752  to  operate  a  forge,  saw  and  grist-mill. 

The  south  branch  of  the  Bancocas  has  an  undeveloped  fall  of  about 
<  feet  below  the  mill  at  Eayrstown.  By  including  the  Eayrstown 
mill-site,  a  total  of  14  feet  fall  could  be  obtained.  We  estimate  the 
available  power  below  the  mouth  of  Haynes'  creek  at  10.4  horse- 
power per  foot  fall,  so  that  at  this  site  145  horse-power  for  9  months 
of  the  year,  or  59  horse-power  at  all  times,  could  be  obtained  with 
flufficient  pondage  to  make  twice  this  amount  available  for  12  hours 
per  day.  At  Eayrstown,  the  water-shed  being  62  square  miles,  we 
estimate  4.65  horse-power  per  foot  fall  for  9  months,  and  at  Yincen- 
town  4  horse-power  per  foot  fall.  Just  above  the  present  mill-site 
at  this  place  10  feet  fall  could  be  improved. 

Haynes'  creek  has  below  the  lowest  mill  nine  or  ten  feet  fall  unim- 
proved, and  we  estimate  the  available  power  at  5.77  per  foot  fall. 
There  is  no  undeveloped  &11  suitable  for  any  considerable  amount  of 
power  above  this  point. 

PBNSAUKEN  OBEBK. 

This  creek  drains  35.4  square  miles.  The  water- shed  is  populous 
and  highly  cultivated,  and  the  stream  is  tidal  for  about  half  of  its 
lengthy  consequently  it  has  little  importance.  Moorestown  is  supplied 
from  its  headwaters,  but  the  quality  of  the  water  is  said  to  be  unsatis- 
factory. The  average  flow  at  the  mouth  of  the  stream  is  34,900,000 
gallons  daily,  and  the  least  monthly  flow  5,900,000  gallons  daily. 
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ooopeb's  cbeek. 

This  stream  rises  in  the  gravel  hills  north  of  Berlin^  and  flow» 
northwest  12  miles  to  the  Delaware  at  Camden.  It  is  tidal  to  the 
forks  at  Haddonfield^  and  the  lower  portion  of  its  water-shed  is  popa- 
loas  and  highly  cultivated.  Above  Haddonfield  both  branches  are 
more  wooded,  but  there  are  outcrops  of  marl  upon  both.  We 
estimate  the  average  flow  of  the  creek  at  Camden  at  40y000,00(> 
gallons  daily,  and  the  flow  for  the  driest  month  at  6,800,000  gallons 
daily.  Above  the  pond  at  Haddonfield  the  flow  for  the  lowest  month 
is  at  the  rate  of  3,050,000  gallons  daily,  and  with  storage  amounting 
to  3.28  inches  it  will  furnish  8,600,000  gallons  daily. 

The  only  part  of  Cooper's  creek  which  is  worthy  of  serious  con- 
sideration as  a  source  of  water-supply  is  North  Branch.  Its  water- 
shed is  11.7  square  miles,  and  the  flow  for  the  driest  month  1,960,000* 
gallons  daily,  or  with  3.28  inches  storage  it  will  yield  6,660,00& 
gallons  daily.  The  opportunities  for  storage  are  very  good,  but,  like 
all  other  streams  with  marl  outcrops,  it  should  have  careful  inspection 
before  being  adopted  as  a  source  of  supply. 

The  North  Branch  is  almost  entirely  undeveloped  for  water-power 
purposes.  Near  Ellisburg,  20  feet  fall  could  be  readily  obtained,  and 
the  available  power  for  9  months  would  be  0.87  horse- power  per  foot 
fall.  As  good  pondage  could  be  obtained,  this  would  give  about  3& 
horse- power  for  12  hours  daily  during  9  months  of  the  year.  On 
the  main  creek,  at  Haddonfield  mills,  we  estimate  1.35  horse- power 
per  foot  fall  day  and  night  for  9  months.  A  corn-mill  was  erected 
on  this  site  as  early  as  1697. 


TRIBUTARIES  OF  THE  DELAWARE— CAMDEN 

TO  BRIDGETON. 

This  class  of  streams  are  distinguished  by  being  tidal  for  more 
than  half  their  total  length,  which  averages  about  15  miles.  They 
generally  flow  through  U-shaped  ravines,  the  bottom  of  which  is 
marshy.  The  lower  portion  of  the  water-shed  is  usually  a  very  low^ 
level  plain  of  sandy  loam,  and  the  headwaters  are  in  the  sands  and 
gravels  of  the  Tertiary  formation.     Owing  to  the  small  water-shed 
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power  per  foot  fall  for  9  months.  The  only  undeveloped  site  of  any 
importance  seems  to  be  near  the  upper  bridge  at  Chews  Landings  on 
the  North  Branchy  where  30  feet  fall  and  good  pondage  could  be  had^ 
although  this  would  destroy  the  power  at  Laurel  mills.  We  estimate 
for  this  point  1.36  horse-power  per  foot  fall^  which  would  give^  on 
-30  feet  fall,  40  horse-power  day  and  nighty  or  80  horse-power  for  12 
hours  during  9  months  of  the  year,  with  a  minimum  of  34  horse- 
power for  12  hours. 

MANTUA   CBEBK. 

Bising  east  of  Glassboro  this  stream  runs  13  miles  northwesterly 
to  the  Delaware  at  Paulsboro.  It  drains  51.2  square  miles,  and  above 
Hurffville  it  has  a  gravel  water-shed,  but  below  it  lies  upon  the  marl 
r^on,  like  other  streams  of  this  class.  Woodbury  is  sapplied  from 
its  headwaters.  The  report  of  the  water  department  of  1893  men- 
tions some  complaints  of  *bad  taste  and  odor  at  a  time  when  the 
reservoir  was  frozen  over,  but  the  water  was  then  examined  by 
chemists  and  pronounced  free  from  danger.  We  also  note  that  the 
boilers  at  the  pumping  station  were  corroded,  and  had  to  be  renewed 
at  that  time.  The  works  were  built  in  1886.  We  are  not  advised 
as  to  whether  this  corrosion  was  doe  to  the  water. 

Above  Hurffville  the  water-shed  is  13  square  miles,  and  we  esti- 
mate the  flow  for  the  driest  month  at  2,180,000  gallons  daily.  With 
^.28  inches  storage  6,400,000  gallons  daily  could  be  obtained.  Above 
the  pond  near  Pitman  Grove,  Chestnut  branch  has  4.4  square  miles 
of  drainage,  and  we  estimate  the  daily  flow  for  the  driest  month  at 
740,000  gallons,  while  2,090,000  gallons  daily  could  be  obtained  with 
storage.  While  there  may  be  some  other  small  branches  which  would 
afford  good  supplies  of  a  limited  amount,  the  rest  of  the  water-shed 
IB  open  to  suspicion,  and  should  not  be  accepted  without  careful 
examination. 

The  stream  does  not  offer  large  opportunity  for  the  development  of 
water-power,  but  near  Mantua  it  would  seem  possible  to  develop  20 
feet  of  fall  with  excellent  pondage.  We  estimate  for  this  point  an 
available  power  of  2.3  horse-power  per  foot  fall  day  and  night. 
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BACOOON  CBEEE. 

This  is  the  next  stream  south,  of  anj  size  or  importanoe.  Rising 
3  miles  southwest  of  Glassboro  it  flows  15  miles  northwesterly  to  the 
Delaware  at  Bridgeport.  It  is  navigable  to  Swedesboro,  and  tidal  for 
more  than  half  its  length.  As  its  water-shed  is  almost  entirely  upon 
the  marl  region,  it  is  not  worthy  of  serioas  consideration  as  a  source 
of  water-supply,  although  some  smaller  branches  with  sandy  or 
gravelly  water- sheds  and  free  from  marl  outcrop  might  be  entirely 
unobjectionable.  The  water-powers  developed  are  generally  small^ 
and  the  only  opportunity  for  further  development  is  at  the  first  bridge 
above  Swede&boro,  where  20  feet  fall  could  be  obtained  without  inter- 
fering with  existing  mill-sites.  The  available  power  here  would  be 
1.64  horse-power  per  foot  fall,  making  32.8  horse-power  continuous^ 
or  66  horse-power  for  12  hours,  with  a  minimum  of  28  horse-power 
for  12  hours. 

OLDMANS  GREEK. 

This  stream  rises  close  to  the  source  of  Raccoon  creek,  and  flow» 
16  miles  west-northwest  to  the  Delaware  river.  It  is  tidal  for  more 
than  half  its  length.  Above  the  mill-pond  at  Harrisonville  the 
water-shed  is  sand  or  gravel  and  nearly  half  wooded,  so  that  it  would 
afford  a  good  gathering-ground.  The  area  of  this  portion  is  1(> 
square  miles,  and  the  daily  flow  for  the  driest  month  1,680,000  gal- 
lons, which  could  be  raised  to  4,760,000  gallons  daily  with  storage. 
There  is  still  some  undeveloped  fall  for  water-power  below  Harrison- 
ville, but  the  power  of  the  stream  is  small. 

SALEM   GREEK. 

This  stream  rises  near  Pittsgrove  and  flows  west-northwest  14 
miles,  and  when  within  about  two  miles  of  the  Delaware  it  turns 
southward  and  flows,  by  a  meandering  course,  a  distance  of  8  miles 
measured  in  a  straight  line,  nearly  south,  to  the  Delaware  at  Salem. 
At  the  point  where  it  turns  south  it  is  connected  with  the  Delaware 
by  a  navigable  canal  built  first  about  1800.  This  canal  has  a  length 
of  2.02  miles,  is  100  feet  wide  at  the  surface  of  the  water,  76  feet 
wide  at  the  bottom,  and  5  feet  deep.     The  creek  is  navigable  to 
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iBharptowD,  within  8  miles  of  its  soaroe,  which  is  also  the  head  of 
^de. 

Waier'mipply. — Above  Woodstown  the  water-shed  is  sandy  or 
^^yelly,  the  portion  below  being  apon  the  marl  region.  Above 
lEastlake  the  stream  drains  14  square  miles^  with  a  daily  flow  of 
'2,350,000  gallons  during  the  driest  mouthy  which  could  be  increased 
'tx}  6,660,000  gallons  daily  with  storage.  There  is  a  good  deal  of 
forest  on  this  npper  portion  of  the  stream. 

Water-power. — At  Sharptown^  the  lowest  mill-site  on  the  stream^ 
^^Fe  estimate  for  22.6  square  miles  drainage  1.6  horse-power  per  foot 
All  for  9  months,  and  at  Eastlake  1  horse-power  per  foot  fall.  There 
ia  abont  12  feet  fall  unimproved  between  Sharptown  and  Woodstown, 
and  this  is  practically  the  only  undeveloped  site. 

Drainage. — There  is  a  large  area  of  tidal  marsh  upon  the  lower 
portion  of  the  oreeh^  much  of  which  has  been  successfully  embanked 
and  cultivated.    This  improvement  began  as  early  as  1700.     Of 
-31,780  acres  of  tide  marsh  in  Salem  county,  15,225  acres  have  been 
improved  in  this  way,  and  the  most  of  this  is  along  Salem  creek. 
This  improvement  has  been  greatly  to  the  advantage  of  the  appear- 
ance of  this  part  of  the  county.     As  these  meadows  are  at  or  slightly 
above  the  level  of  high  tide,  and  the  rise  and  fall  of  the  tide  is  six 
feet,  they  have  only  to  be  embanked  to  keep  out  the  water  at  high 
tide,  and  provided  with  tide  sluices,  so  that  between  mean  and  low 
tide  they  may  discharge  the  water  which  falls  upon  them,  and  the 
^drainage  is  effected  in  this  way  without  pumping.     After  being 
•embanked  and  drained  for  some  years  these  meadows  shrink  or  settle 
eome  three  or  four  feet  in  places,  and  the  banks  are  then  cut  and  the 
meadows  allowed  to  be  flooded  for  a  period  of  years.     The  sediment 
<x>llectB  upon  them  quite  rapidly,  and  in  this  way  they  are  restored  to 
their  original  fertility  and  value. 

ALLOW  AYS   CREEK. 

This  stream  rises  near  Daretown,  close  to  the  headwaters  of  Salem 
<9reek,  and  flows  west-southwest  16  miles  to  the  Delaware,  entering 
opposite  Beedy  island,  which  is  generally  r^arded  as  the  head  of 
Delaware  bay.  It  is  tidal  above  Quinton,  or  for  about  half  its 
length,  and  this  lower  part  traverses,  by  a  sinuous  course,  a  very  low, 
level  plain.  The  entire  water- shed  lies  upon  the  Tertiary  sand  and 
gravel. 
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Water-supply. — Above  Alloway  pond^  the  stream  drains  21.9 
square  miles  and  has  a  daily  flow  of  3,680^000  gallons  daring  the 
driest  months  which  coald  be  increased  to  10^400^000  gallons  with 
storage.  This  portion  of  the  water- shed  is  well  wooded.  Deep  run 
and  some  other  small  branches  also  afford  good  gathering- grounds. 

Water-power. — At  AUoway,  we  estimate  1.53  horse-power  per  foot 
fall,  and,  as  the  pondage  is  large,  this  is  all  concentrated  in  12  hoars 
daily.  There  is  little  opportunity  to  develop  any  excepting  very 
small  powers  upon  this  water-shed. 


STOW  GBEEE. 

This  stream  rises  in  the  wooded  gravel  hills  of  the  eastern  part  of 
Salem  county  and  flows  southwest  and  south  to  Delaware  bay,  the 
source  being  only  10  miles  in  a  direct  line  from  the  mouth.  It  is 
tidal  for  more  than  half  its  length  and  drains  a  total  of  42  square 
miles,  all  of  which  is  on  the  Tertiary  formation.  It  has  little 
importance,  although  its  headwaters  are  well  adapted  for  local  supply 
if  they  should  ever  be  needed. 

OOHANSEY  GREEK. 

Rising  near  the  headwaters  of  AUoways  creek,  in  Salem  county^ 
this  stream  flows  for  13  miles  nearly  due  south  to  Fairton  and  thence 
west  8  miles  to  Delaware  bay.  The  city  of  Bridgeton  is  at  the  head 
of  tide  and  navigation,  9  miles  in  a  direct  line  from  the  mouth,  but 
following  the  windings  of  the  creek,  the  distance  is  19  miles.  The 
stream  drains  105.4  square  miles,  and  above  the  head  of  tide,  at 
Bridgeton,  45.8  square  miles.  This  embraces  an  agricultural  r^ion, 
about  13  per  cent,  being  in  forest,  but  this  area  is  decreasing  and  the 
cultivated  area  increasing.  Table  No.  69  applies  to  the  flow  of  the 
Cohansey. 

Water-supply. — The  headwaters  of  the  stream  above  Cedar  Grove 
are  well  wooded,  especially  near  the  streams,  and  would  probably  be 
fairly  well  suited  to  be  a  source  of  water-supply.  The  area  drained 
is  19  square  miles,  and  we  estimate  a  daily  flow  of  3,190,000  gallons 
in  the  driest  month,  or  9,000,000  gallons  with  storage.  Bridgeton 
draws  its  supply  partly  from  wells  and  partly  from  a  branch  at  East- 
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lake,  drainiDg  6  square  miles.  We  estimate  a  daily  flow  of  l,800^-< 
000  galloDS  for  the  driest  month.  The  lake  affords  some  storage. 
Little  creeky  above  the  pond  at  Fairton,  has  a  sandy  and  well- wooded 
urater-shed  of  8  milesj  for  which  we  estimate  a  daily  flow  during  the 
driest  month  of  1,344^000  gallons^  which  could  be  increased  to  3,808,- 
000  gallons  with  storage.  Such  supplies  as  these,  and  that  affordad 
'by  some  other  branches  of  the  Cohansey,  might  well  be  secured  and 
<x>ntroll6d  in  their  present  desirable  condition  in  view  of  the  gradual 
disappearance  of  forests  and  increasing  cultivation  of  this  region. 

Water-power. — There  is  a  good  water-power  improvement  at 
^ridgeton,  consisting  of  a  dam  across  the  Cohansey,  raising  the  water 
some  19  feet,  and  a  raceway  1  mile  in  length.  One  hundred  and 
ninety-five  gross  horse-power  is  improved  here,  the  fall  being  from 
14  to  16  feet.  We  estimate  3.2  horse-power  per  foot  fall  continuous, 
or  twice  this  for  12  hours,  available  for  9  months.  At  Cedar  creek, 
we  estimate  1.33  horse-power  per  foot  fall  continuous  during  9  months. 
There  is  still  20  feet  fall  unimproved  above  the  Bridgeton  water- 
power,  which  would  give  about  100  horse-power  for  12  hours  daily 
daring  9  months  of  the  year. 


COAST  STREAMS. 

The  Atlantic  slope  of  southern  New  Jersey  has  a  width  of  from 
20  to  40  miles,  while  much  of  the  Delaware  slope  is  not  more  than 
16  miles  wide,  consequently  the  coast  streams  are,  as  a  rule,  much 
larger  and  more  important  than  the  tributaries  of  the  Delaware. 
The  tidal  portions  of  these  streams  are  about  the  same  length  as  upon 
the  Delaware  branches,  consequently  the  area  of  water-sheds  above 
the  head  of  tide  is  much  larger  and  the  streams  are,  consequently,  of 
greater  economic  value.  The  average  rainfall  of  this  coast  district  is 
also  heavier  than  that  of  the  Delaware  slope,  while  evaporation  is  at 
the  same  rate,  consequently  the  average  flow  per  square  mile  is 
larger.  These  streams  are  distinguished  further  by  being  everywhere 
bordered  by  cedar  swamps,  the  growth  of  which  is  very  dense.  The 
bottoms  of  these  swamps  consist,  for  a  great  depth,  of  fallen  logs, 
between  which  is  an  accumulation  of  deep  mould  and  mosses,  the 
whole  forming  a  great  absorbent  sponge,  well  calculated  to  retain 
laige  quantities  of  water  to  be  fed  out  gradually  to  the  streams.    The 
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uplands  are  everywhere  sandy^  with  very  small  areas  of  cultivated 
land,  the  timber  being  mostly  pine^  but  often  with  a  considerable 
growth  of  cak  brush.  This  forest  is  not  at  all  dense,  and  generally 
the  sun  has  quite  free  access  to  the  surface  of  the  earth — still  more 
so  as  the  area  is  being  constantly  burned  over  by  forest  fires. 

The  consequence  of  these  conditions  is,  that  water  flowing  over 
the  surface  of  the  earth  is  practically  an  unknown  phenomenon, 
unless  when,  very  rarely,  the  ground  happens  to  be  covered  with  a 
coating  of  ice.  As  a  rule,  the  whole  water,  even  in  quite  heavy  rain- 
falls, is  stored  in  the  sand  and  swamps  and  gradually  fed  out  to  the 
streams.  It  follows  that  the  dry-eeason  flow  is  much  better  sustained 
than  upon  any  other  class  of  streams  with  which  we  have  dealt. 
The  quite  general  brown  color  of  this  water  is  probably  also  due  to 
these  cedar  swamps.  This  color  is  quite  noticeable  in  the  streams  and 
ponds,  and  it  appears  to  be,  to  a  considerable  extent,  due  to  peaty 
matter  in  fine  particles  in  suspension.  We  have  mentioned,  in  the 
case  of  the  Rancocas,  the  entirely  wholesome  character  of  this  water 
despite  this  color.  A  few  of  the  smaller  branches  of  these  streams 
which  are  not  bordered  by  cedar  swamps,  but  flow  directly  out  of  the 
sand,  are  remarkably  clear  and  limpid,  and  are  known  as  white- water. 
As  we  shall  see  when  we  take  up  the  chemical  composition  of  these 
water£i,  they  are  all  slightly  acid. 

In  Plate  VI.  will  be  found  two  curves  of  storage- flow  for  thcEe 
streams.  The  lower  curve  is  based  upon  the  flow  of  the  Rancocas,  and 
is  adapted  to  those  streams,  having  very  flat  water- sheds  or  lacking  a 
large  amount  of  swamp-storage.  The  curve  showing  high  flow  is 
generally  applicable  to  the  larger  streams,  and  we  are  disposed  to 
attribute  this  higher  flow  largely  to  the  swamp- storage,  and  the  sud- 
den dropping  off  of  this  flow  Avhen  the  depletion  has  reached  about  five 
inches  is  believed  to  mark  the  point  where  the  swamps  have  become 
drained  of  their  water.  The  great  depth  to  which  they  are  sometimes 
thus  drained  is  evidenced  by  the  burning  down  of  forest  fires  when  a 
swamp  takes  fire  in  very  dry  weather.  These  fires  often  burn  to  a 
depth  of  several  feet,  and  yet,  in  a  very  wet  time,  the  same  swamps 
are  almost  impassable  because  of  water.  Table  No.  61  is  based  upon 
the  high  curve  of  storage  flow  which  is  derived  from  the  gaugings  of 
Great  Egg  Harbor  river,  and  is  adapted  to  the  water- sheds  having 
the  higher  relief  or  larger  areas  of  swamp,  while  Table  No.  60  is 
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based  upon  the  carve  of  lighter  storage- flow  adapted  to  streams 
without  swamp-storage. 

The  assamption  that  the  rainfall  daring  the  driest  period  will  be 
as  low  as  that  shown  by  the  Philadelphia  record  daring  1881  and 
1882,  is  perhaps  too  severe  to  apply  to  all  of  the  larger  water- sheds 
of  this  coast  region.  Oar  condasion  in  the  chapter  on  rainfall  was, 
that  any  station  woald  be  subject  to  droughts  as  severe  as  that  shown 
in  the  Philadelphia  record,  yet  aa  examination  of  the  records  daring 
these  dry  periods  shows  that  no  two  stations,  taken  together,  show 
any  such  severe  drought.  On  the  other  hand,  our  Sudbury  records 
are  proof  that  an  area  of  75  square  miles  was  actually  subject  to  as 
severe  a  drought  during  1882  and  1883.  The  region  which  we  have 
now  under  consideration,  however,  is  one  of  large  rainfall.  A  study 
of  the  records  indicates  that  this  large  rainfall  begins  at  the  inner 
edge  of  the  tide-meadows  along  the  seashore,  where  the  land  generally 
riEes  quite  abruptly  from  30  to  60  feet,  or  even  higher,  this  height 
being  increased  by  a  pine  forest  to  about  100  feet.  At  about  this 
line,  as  we  have  said,  there  seems  to  be  quite  a  rapid  increase  of  rain- 
fall as  we  move  westward,  and  going  still  further  inland,  the  rainfall 
gradually  becomes  lighter  again.  Under  the  conditions  which  exist, 
it  does  not  seem  probable  that  any  drought  so  severe  as  that  of  the 
Philadelphia  record  can  extend  over  an  area  as  large  as  100  square 
miles.  In  cooeequenoe  of  these  facts,  we  have  taken  the  average 
rainfall  at  Vineland  and  Philadelphia  together  during  the  dry  years 
of  1881  and  1882,  and  again  during  1885  and  1886,  and  computed 
the  flow  on  this  basis.  The  results  are  shown  in  Table  No.  61  A. 
While  the  total  rainfall  and  total  flow-ofl*  are  much  less  for  the  period 
from  December,  1884,  to  November,  1886,  than  for  the  previous  one, 
we  find,  nevertheless,  that  the  period  in  1881  and  1882  embraced  the 
longest  series  of  dry  months,  and  we  have  adopted  this  as  representa- 
tive of  the  driest  period  applicable  to  water-sheds  of  over  100  square 
miles  in  extent,  but  for  small  water-sheds  Table  No.  61  should 
be  used. 

MAURICE   RIVER. 

Although  this  stream  empties  into  Delaware  bay,  it  lies  upon  the 
Atlantic  slope,  and  has  the  climatic,  topographic  and  geological 
features  of  the  other  coast  streams,  with  which  it  has  in  consequence 
been  grouped.     It  rises  near  Glassboro,  flowing  due  south  33  miles 


WATER-SUPPLY.  269 

to  the  Delaware  bay.  It  is  navigable  and  tidal  to  Millville,  24  miles 
from  its  month,  following  the  windings  of  the  river,  with  a  depth  of 
abont  7  feet  at  low  water.  There  is  a  bar  across  the  mouth  of  the 
river,  bat  inside  of  this  the  channel  is  for  much  of  the  way  20  feet  deep. 
This  river  is  the  rendezvous  of  a  large  fleet  of  oyster  schooners  which 
work  the  beds  in  Maurice  cove.  The  entire  area  drained  is  386.4 
square  miles,  and  above  the  head  of  tide,  at  Millville,  218.4  square 
miles.  Sixty-seven  per  cent,  of  the  area  was  forested  in  1886,  but 
this  area  is  gradually  decreasing  with  the  clearing  up  of  farms  about 
Vineland.  Table  No.  6 1  applies  to  the  flow  of  this  stream,  although 
for  the  small  branches  of  less  than  10  square  miles  of  drainage  area 
we  would  recommend  the  use  of  Table  No.  60. 

Wixier'gupply. — ^The  city  of  Millville  is  supplied  from  the  large 
pond  on  the  river  at  that  place,  and  the  water  is  pronounced  satis- 
factory. It  is  used  without  treatment.  We  estimate  the  least 
monthly  flow  at  Millville  at  36,700,000  gallons  daily,  and  with  3.11 
inches  storage,  125,000,000  gallons  daily  could  be  obtained.  The 
pond  at  Millville  afiords  about  one  inch  storage  upon  the  water-shed, 
and  if  utilized  for  storage  would  maintain  the  flow  at  0.46  inch 
monthly  in  the  driest  time,  furnishing  65,900,000  gallons  daily. 
There  would  be  no  difficulty  in  procuring  storage  to  the  amount  of 
4.68  inches  if  it  should  be  needed.  Many  of  the  branches  of  the 
stream  would  afford  wholesome  supplies,  but  all  the  data  necessary  to 
determine  their  supplying  capacity  will  be  found  in  Appendix  II., 
and  the  tables  of  flow  herewith. 

Water-power. — ^The  plant  of  the  Millville  Manufacturing  Com- 
pany is  one  of  the  finest  water-power  plants  of  the  State.  A  pond 
926  acres  in  extent  is  formed  by  a  dam  of  earth  about  12  feet  wide 
on  top  and  with  slopes  of  about  one  and  one-half  to  one,  with  a 
masonry  overfall  and  timber  apron.  The  water  is  raised  by  this 
dam  26  feet,  and  the  length  of  the  structure  is  2,200  feet.  This  is 
the  laigest  entirely  artificial  body  of  water  in  the  State.  A  draught 
of  4  feet  upon  this  pond  will  afford  0.32  inch  storage  on  the 
water-shed,  and  in  consequence  the  power  is  an  exceptionally  good 
and  steady  one.  By  Table  No.  61,  we  estimate  the  power  available 
for  9  months  to  be  21.8  horse-power  per  foot  fall  day  and  night. 
The  minimum  power  would  be  6.55  horse-power  per  foot  fall,  and 
the  entire  flow  can  be  concentrated  into  working  hours,  or  60  hours 
per  week.    With  the  above  pondage,  however,  the  power  can  be 
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maintained  at  13.1  horse-power  per  foot  fall,  or  26.2  horse-power  for 
12  hoars  daily  for  every  day  of  the  ordinary  dry  year.  The  fidl  is 
about  22  to  24  feet.  In  the  Census  Report  of  1880,  it  was  stated 
that  690  gross  horse-power  was  in  ase  and  said  to  be  available  for  10 
or  11  months  of  the  year.  In  Appendix  I.  will  be  found  the  amount 
of  power  at  present  in  use.  Supplementary  steam-power,  amounting 
to  about  300  horse- power,  is  in  use  in  the  ootton  factory  and 
bleachery.  There  is  no  doubt  that  to  this  water-power  is  to  be 
attributed  at  least  a  part  of  the  great  prosperity  of  Millville  during 
reoent  years. 

At  the  first  bridge  above  Millville,  although  the  site  is  not  so 
advantageous,  by  a  somewhat  similar  development,  24  feet  fall  oould 
be  improved  with  194  square  miles  of  water-shed.  We  estimate 
19.4  horse-power  per  foot  fall  available  here  day  and  night  for  9 
months  of  the  year,  and  a  minimum  of  6.8  horse-power  per  foot  fall. 
At  Willow  Grove,  the  water-shed  is  80  square  miles,  and  the  table 
gives  8  horse-power  per  foot  fall  for  9  months  of  the  year.  Above 
the  site  previously  mentioned,  and  near  the  orossing  of  Landis 
avenue,  17  feet  fall  oould  be  improved  with  an  available  power  of 
11.4  horse-power  per  foot  fall.  In  Appendix  I.  will  be  found  a  list 
of  powers  above  Willow  Grove,  all  of  which  are  good  ones,  although 
considerably  smaller  than  those  we  have  previously  mentioned. 

On  the  west  branch,  or  Muddy  run,  the  drainage  above  the  pond 
at  Rosenhavn  is  63  square  miles,  and  the  available  power  6.3  horse- 
power per  foot  fall.  At  Centreton  it  is  about  42  square  miles,  giving 
4.2  horse- power  per  foot  fall.  There  are  several  good  small  powers 
on  this  stream.  At  the  site  of  the  old  Buckshutem  forge,  there  is  9 
feet  fall,  with  large  pondage  and  about  32  horse- power  for  12  hours  a 
day  during  9  months  of  the  year.     This  site  is  not  at  present  in  use. 

Manantico  creek  is  tidal  up  to  Clark's  mills.  This  is  an  aban- 
doned site  with  6  feet  fall  and  3.9  horse-power  per  foot  fall,  with  fair 
pondage.  This  stream  rises  in,  and  flows  through  the  wilderness  lying 
between  Millville  and  Mays  Landing.  In  the  past,  there  have  been 
two  or  three  saw- mill  sites  above  this,  but  the  power  is  not  large. 
Manumuskin  creek  will  furnish  at  Fries'  mill  3.54  horse-power  per 
foot  fall.  There  is  good  pondage  and  8  feet  fall,  so  that  probably  66 
horse-power  can  be  had  during  working  hours  for  9  months.  At  the 
old  Cumberland  furnace  site,  above,  there  is  a  large  pond  and  9  feet 
fall,  giving  3.16  horse-power  per  foot  fall  for  9  months  of  the  year. 
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Drainage. — ^The  tidal  portion  of  the  river  flows  through  a  belt  of 
tide  marsh  aboat  a  mile  in  width,  and  considerable  areas  of  this  have 
been  embanked  and  ealtivated.  We  are  informed  that  this  improve- 
ment was  very  profitable,  and  that  the  possession  of  a  proper  amount 
of  improved  meadow  would  add  from  50  to  100  per  cent,  to  the 
value  of  the  neighboring  farms,  as  they  afford  excellent  grazing, 
enabling  the  farmers  to  keep  cattle,  which  it  is  almost  impossible  to 
do  profitably  on  the  uplands.  It  is  said  that  66  bushels  of  wheat 
per  acre  was  raised  on  some  of  this  improved  meadow,  and  that  it  is 
adapted  to  all  kinds  of  grain  and  hay,  and  will  pay  interest  on  $300 
per  acre.  It  is  said  to  sell  at  from  $100  to  $160  per  acre  when  in 
good  condition.  A  considerable  part  of  the  banks  has  recently  been 
allowed  to  fall  into  bad  repair,  owing  to  disagreements  among  the 
owners. 

8TBEAM8  OF  CAPE  MAY  COUNTY. 

With  the  exception  of  Tuckahoe  river,  which  forms  its  northern 
boundary,  this  county  is  destitute  of  streams  of  large  size,  but  some 
email  ones  have  been  thoroughly  utilized.  In  consequence  of  a 
ecaroity  of  water-power  during  the  period  in  the  past  when  steam- 
power  was  less  generally  used  than  at  present,  the  inhabitants  had 
recourse  to  tide-mills  and  wind-mills  to  a  much  greater  extent  than 
elsewhere  in  the  State.  There  is  a  tide- mill  still  in  existence  at 
Dennisville  and  one  at  Cold  Spring,  another  near  Tuckahoe  being 
abandoned.  The  1860  edition  of  Gordon's  map  shows  also  one  at 
Palermo,  near  Beesley's  Point.  This  map  shows  four  wind-mills 
along  the  seashore  road,  and  two  on  the  bay  shore.  One  of  these 
near  Seaville  was  still  standing  about  1886.  Table  No.  60  may  be 
applied  to  the  flow  of  all  the  streams  of  this  county. 

TnCKAHO£  BIVEB. 

This  stream  rises  in  the  wilderness,  7  miles  west  of  Mays  Landing 
and  16  miles  northwest  of  where  it  empties  into  Great  Egg  Harbor 
bay.  It  flows  south  9  miles,  and  then  eastward  12  miles.  It  is  tidal 
and  navigable  for  small  craft  to  head  of  river,  above  Tuckahoe. 
Tuckahoe  is  9  miles  from  the  mouth,  following  the  course  of  the 
river,  but  about  6  miles  in  a  straight  line.  This  part  of  the  river 
flows  through  a  broad  area  of  tide  marsh,  with   no  well-defined 
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water- shed  line.  Above  Tuckahoe  the  draiDage  area  is  60.2  square 
milesi  and  above  head  of  river  about  30  sqaare  miles.  By  Table 
No.  60  we  find  2.33  horse-power  per  foot  fall  at  this  place.  There 
is  now  a  mill- site  with  5  feet  fall  here.  Jost  below  this,  at  the  site 
of  Old  JEtna  furnace;  the  water-shed  is  37  square  miles,  and  the 
available  power  for  9  months  2.9  per  foot  fall.  Ten  feet  fall  could 
be  improved  here  with  good  pondage,  giving  57  horse- power  for  12 
hours  daily.  At  Hunter's  mill,  with  about  19  square  miles  of 
drainage,  1.6  horse-power  per  foot  fall  is  available  for  9  months. 
This  is  an  abandoned  mill- site,  with  a  good  pond  and  about  6  feet  fall. 

GREAT  EGG  HABBOB  BIYEB. 

This  stream  rises  just  west  of  Berlin  and  flows  38  miles  southeast 
by  a  very  direct  course  to  the  head  of  Great  Egg  Harbor  bay,  5 
miles  from  the  seashore.  It  is  navigable  and  tidal  to  Mays  Landing, 
14  miles  from  the  mouth,  following  the  course  of  the  stream.  For 
almost  the  entire  course  from  the  head  of  tide  to  the  source  of  the 
river,  the  slope  is  very  uniform,  risiog  5  feet  per  mile.  The  branches 
all  converge  slowly  toward  the  main  stream,  and  both  are  bordered 
everywhere  by  strips  of  cedar  swamp  from  one-half  to  one  mile  in 
width,  with  practically  no  slope  toward  the  stream.  The  upland  is 
generally  about  40  feet  higher  than  these  swamps^  and  is  made  up  of 
sand  and  gravel.  About  88  per  cent,  of  the  whole  water-shed  is 
covered  with  forest,  composed  of  white  cedar  in  the  swamps  and  a 
rather  sparse  growth  of  pine  on  the  uplands,  with  oak  underbrush. 
Forest  fires  through  this  growth  are  of  frequent  occurrence.  There 
are  no  natural  lakes,  and  practically  the  only  ponds  of  note  are  Wey- 
mouth mill-pond,  having  an  area  of  205  acres  and  maximum  depth 
of  13  feet,  and  Mays  Landing  pond,  333  acres  in  extent,  with  a 
maximum  depth  of  13  feet,  both  of  which  are  on  the  main  stream. 

The  maximum  flow  observed  at  Mays  Landing  from  high-water 
marks  and  weir  computation,  gives  a  flow  of  4,756  cubic  feet  per 
second,  being  at  the  rate  of  22  per  square  mile,  and  the  minimum 
flow  at  the  same  place  is  59  cubic  feet  per  second,  or  0.27  per  square 
mile  of  water-shed.  Gaugings  have  been  made  at  Mays  Landing, 
the  record  having  been  kept  by  the  courtesy  of  the  Mays  Landing 
Water- Power  Company,  the  results  of  which  are  given  in  the  follow- 
ing table.     It  is  instructive  to  compare  these  gaugings  with  a  shorter 
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FLOW  OF  GBEAT  EGO  HARBOR  RIVER  AT  MATS  LANDIKO,  1890-2. 

Drainage  area,  216.8  square  milea. 
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RAINFALL,  EVAFORATIOX,  STOBAQE  DEPLETION,  COICFUTED  Ajn>  OBSEBTED  FLOW 

IN  INCHES  ON  DRAINAGE  AREA. 

Oreat  Egg  Harbor  River. 
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eeries  on  Batato  river  for  a  drainage  area  of  about  69  square  miles. 
It  will  be  found  by  the  following  table  that  the  flow-off  for  these 
two  water-sheds  agrees  very  closely  for  a  given  rainfall,  notwith- 
standing the  marked  difference  in  the  size  of  the  water-shed : 


FIX>W  OF  GREAT  EGG  HABBOB  AND  BATSTO  BIVERS  COMPABED. 

June  to  November,  1891—                                  Rain.  Flow.  Difference. 

Great  Egg  Harbor 24.97  8.70  16.27 

Batsto 24.76  8.70  16.05 

December,  1891,  to  May,  1892— 

Great  Egg  Harbor 26.41  12.71  12.70 

Batsto 24.44  11.96  12.48 

Jane,  1891,  to  May,  1892— 

Great  Egg  Harbor 50.38  21.41  28.97 

Batsto 49.19  20.66  28.68 

April,  1891,  to  March,  1892— 

Great  Egg  Harbor 47.64  21.90  25.74 

Batsto 46.39  20.31  26.08 


^ime,  1891,  to  May,  1892— 

Great  Egg  E[arbor.. 

Batsto 


^pril,  1891,  to  March,  1892— 

Great  Egg  Harbor 

Batsto 


• 

EYAPOBATION. 

1 

-8 

:§ 

1 

f§ 

6 

o 

60.38 

26.90 

27.41* 

49.19 

26.67 

26.97* 

47.64 

26.37 

25.74 

47.39 

26.14 

26.08 

—1.66 
—1.56 


*  Corrected  for  loss  to  ground 'water  in  last  column. 

In  the  latter  part  of  this  table  it  will  be  seen  that  there  is  good 
agreement  between  the  observed  evaporation  and  that  computed  per 
sqoare  mile,  especially  for  the  last  period^  which  is  the  only  one  for 
which  we  have  gangings  on  both  streams  beginning  and  ending  with 
fall  groond- water. 

As  the  oonditions  on  these  coast  streams  show  the  widest  departure 
from  the  oonditions  on  the  Passaic^  Croton  and  Sudbury,  it  may  be 
weU  to  make  a  more  careful  comparison  of  the  results  of  this  series 
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of  gaugings  with  the  computed  flow  for  the  same  period  as  deter- 
mined by  oar  formulsB.  This  we  have  done  in  detail  in  the  table 
following  the  table  of  gaugings.  This  exhibit  shows  a  general  .excess 
of  computed  over  observed  flow  of  12  per  cent,  from  December  to 
May^  and  a  deficiency  of  4  per  cent,  from  June  to  November,  with 
an  excess  of  8  per  cent,  for  the  year;  or,  if  we  exclude  the  first 
period,  for  which  rainfall  data  are  less  satisfactory,  the  last  two  years 
show  7  per  cent,  excess  of  computed  over  observed  flow.  Some  of 
this  is  doubtless  due  to  leakage  at  the  point  of  gauging,  but  it  is 
mostly  to  be  attributed  to  the  fact  that  we  have  adopted  a  uniform 
excess  of  14  per  cent,  throughout  the  year  over  evaporation  shown 
on  the  Passaic.  The  following  table  has  been  prepared  from  the 
Climatology  of  New  Jersey.  It  gives  first  the  average  yearly  and 
seasonal  temperatures  for  the  Red-sandstone  Plain  and  EUghlands 
taken  together,  as  these  approximately  represent  conditions  on  the 
Passaic  water-shed.  Next  we  give  the  same  data  for  the  southern 
interior  and  coast,  as  these  two  together  represent  fairly  the  region 
under  consideration.  It  will  be  seen  from  this  that  the  difference  in 
evaporation  will  not  be  uniform  throughout  the  year  as  we  have 
assumed,  and  instead  of  a  uniform  rate  of  14  per  cent,  excess  over  the 
Passaic  evaporation,  we  should  have  allowed  about  8  per  cent  in 
spring,  11  per  cent,  in  summer,  19  per  cent,  in  autumn  and  19  per 
cent,  in  winter.  Had  this  been  done  the  above  discrepancies  would 
disappear,  but  since  the  final  result  would  not  be  seriously  affected 
we  have  decided  to  adhere  to  the  more  simple  method  of  applying  the 
even  correction  throughout  the  year. 

TEMPERATURE  BY  SEASONS,  IN   DEGREES  FAHRENHEIT. 

Year.       Spring.    Summer.     Autumn.       Winter. 
Red  Sandstone  Plain  and  Highlands...     49  47.1         69.4  51  28.5 

Southern  Interior  and  Coast 52.4        48.9        72.1  55.5  33.1 

Difference  in  Temperature 3.4  1.8  2.7  4.5  4.6 

Difference  in  Evaporation 17%  9%        13.5%         22.5%       23% 

The  facts  brought  out  by  the  gauging?,  however,  are  striking  evi- 
dence of  the  paramount  influence  of  temperature  upon  evaporation 
and  the  flow  of  streams,  and  of  the  delicacy  with  which  streams 
respond  to  slight  difference  therein. 
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We  are  aware  of  the  fiust  that  a  more  refined  and  acourate  formula 
for  computing  evaporation  from  rainfidl  and  temperature  than  the 
one  we  are  using  is  quite  possible.  It  is  more  cumbersome  in  appli- 
'Cation,  however,  and  requires  more  accurate  temperature  observations 
than  are  generally  available,  consequently  we  have  hesitated  to  intro- 
duce or  apply  it. 

Table  No.  61  applies  to  the  Great  Egg  Harbor  water-shed,  giving 
safe  results  everywhere.  For  portions  of  the  water- shed  exceeding 
100  square  miles  we  may,  for  the  driest  year,  apply  Table  No.  61  A, 
but  such  application  should  be  after  more  careful  consideration. 

WaUT'tupply. — The  water  of  this  stream  has  the  usual  brownish 
•color  peculiar  to  its  class,  but  the  analysis  which  we  give  later  indi- 
cates a  remarkably  pure  water,  although  slightly  acid.  Storage 
oould  probably  be  found  sufficient  to  utilize  14  inches  per  annum, 
and  while  the  reservoirs  would  usually  be  rather  shallow,  it  is  not 
believed  that  this  would  cause  any  deterioration  of  the  water,  judg- 
ing from  present  indications.  It  must  be  remembered  that  in  this 
sandy  soil  a  very  slight  depth  of  water  is  usually  sufficient  to  destroy 
all  v^table  growth,  and  shallow  ponds  usually  keep  as  sweet  and 
pure  as  the  deeper  ones.  At  Mays  Lauding  the  stream  drains  215.8 
square  miles,  and  we  estimate  the  average  flow  to  be  224,400,000 
gallons  daily.  In  the  driest  year,  with  storage,  the  stream  will  supply 
143,800,000  daily.  The  minimum  flow  is  36,400,000  gallons  daily. 
At  Weymouth,  the  drainage  being  192  square  miles,  the  average  flow 
is  199,000,000  gallons  daily,  and  the  minimum  32,250,000  gallons 
daily.  With  storage,  128,000,000  gallons  daily  may  be  collected. 
The  elevation  here  is  37  feet.  At  the  highway  bridge  just  below  the 
New  Jersey  Southern  railroad  crossing  the  main  stream  drains  61 
square  miles,  having  a  minimum  flow  of  8,670,000  gallons  daily, 
and  a  capacity  with  storage  to' supply  29,100,000  gallons  daily,  the 
elevation  being  70  feet. 

Hospitality  Branch  drains  50.6  square  miles,  having  a  minimum 
flow  of  8,480,000  gallons  daily,  and  a  capacity  with  storage  of 
28,800,000  gallons  daily,  the  elevation  being  40  feet. 

South  river,  at  the  site  of  Monroe  furnace,  has  a  minimum  flow  of 
3,190,000  gallons,  and  with  storage  will  supply  10,830,000  gallons 
daily.    The  elevation  is  12  feet. 

Stephen's  creek,  at  Estellville,  has  a  minimum  flow  of  1,695,000 
gallons  daily,  and  a  capacity  with  storage  of  6,000,000  gallons  daily. 
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Baboook's  creek^  at  Mays  Landing,  inoluding  Watering  Race,  < 
North  Branch,  has  a  minimum  flow  of  3,965,000  gallons,  and  wit 
storage  will  supply  12,100,000  gallons  daily. 

Water-potoer, — There  is  but  a  small  amount  of  power  develops 
on  the  Great  Egg  Harbor,  as  will  be  seen  by  Appendix  I.  Althoug 
the  fall  is  not  great,  several  opportunities  exist  to  develop  wate 
power.  The  plant  of  the  Mays  Landing  Water- Power  Company, 
the  head  of  tide,  is  a  well- equipped  one.  Power  is  used  to  opera 
a  large  cotton  mill.  The  fall  varies  somewhat  with  the  tide,  rangii 
from  10  to  11.5  feet.  The  dam  is  of  earth,  with  a  substantial  stoi 
overfall  and  a  large  pond.  The  wheel  plant  here  has  been  recent 
enlarged,  but  up  to  1890,  180  horse-power  was  in  use,  and  was  sa 
to  be  always  obtainable,  with  a  little  waste  over  the  dam,  the  pow 
being  used  64  hours  per  week.  This  is  equivalent  to  a  power 
.029  horse- power  per  foot  fall  for  each  square  mile  of  water- she 
entirely  harmonizing  with  our  computed  flow  during  the  dric 
period.  The  present  wheel  plant  being  much  larger,  is  not  ful 
supplied  with  water  throughout  the  year.  We  estimate  the  pow 
available  for  9  months  at  2L.6  horse- power  per  foot  fall,  and  for 
months,  35.7  horse  power  per  foot  fall  day  and  night. 

At  Weymouth,  there  are  a  paper-mill  and  saw-mill,  with  13  fe 
fall,  and  160  gross  horse-power  is  said  to  be  developed.  We  est 
mate  for  9  months  19.2  horse- power  per  foot  fall,  the  pondage  beii 
good.  At  the  head  of  Mays  Landing  pond,  10  feet  fall  could  1 
developed,  with  about  the  same  power  per  foot  as  at  Mays  Landin 
or  200  horse  power  in  all  for  9  months. 

Below  the  mouth  of  Hospitality  Branch,  the  drainage  being  1' 
square  miles,  15.5  horse- power  per  foot  fall  is  available,  and  abo 
15  feet  fall  could  be  developed,  or  227  horse- power  in  all.  Near  tl 
crossing  of  the  New  Jersey  Southern  railroad,  on  the  main  streai 
we  estimate  the  available  power  at  5  horse- power  per  foot  fall. 

Hospitality  Branch,  near  its  mouth,  will  furnish  5  horse-power  p 
foot  fall  for  9  months,  and  15  feet  fall  could  be  developed. 

Deep  run,  at  its  mouth  near  Weymouth,  will  furnish  2.26  hors 
power  per  foot  fall,  and  20  feet  fall  could  be  developed  with  go< 
pondage,  so  that  90  horse- power  could  be  used  for  12  hours  daily. 

South  river,  at  Monroe  furnace,  will  furnish  1.9  horse-pow 
per  foot  fall,  and  15  feet  fall  might  be  developed.     At  Estellvil 
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Stephen's  oreek  has  an  available  power  of  about  1  horse-power  per 
foot  fall  on  6  feet  fall,  or  12  horse- power  for  9  months  and  20  for  6 
months  for  working  hours.  Babcock's  creek,  at  Mays  Landing,  will 
furnish,  for  9  months,  2.1  horse-power  per  foot  fall,  and  12  feet 
fall,  with  good  pondage,  could  be  developed. 


PATCONG  CREEK. 

This  is  a  tributary  of  Great  £^g  Harbor  bay,  at  a  point  just 
below  the  mouth  of  the  river.  It  is  about  ten  miles  long  in  a  direct 
line  from  source  to  mouth,  and  for  half  its  length  is  tidal.  Above 
the  lower  mill-pond  at  Bargaintown  it  drains  19  square  miles,  and 
applying  Table  No.  60  we  find  the  minimum  flow  to  be  3^200,000 
gallons  daily.  The  ponds  afford  considerable  storage,  so  that  more 
than  this  amount  could  be  actually  drawn.  The  maximum  amount 
available  with  storage  is  10,800,000  gallons  daily. 


ABSECON   CREEK. 

This  stream  drains,  to  the  bridge  at  Absecon,  18.3  square  miles, 
and  above  the  lowest  mill-pond  at  the  head  of  tide  12  square  miles. 
Table  No.  60  applies,  and  we  find  at  the  lower  pond  a  minimum  flow 
of  2,016,000  gallons  daily,  and  a  capacity  with  storage  of  6,860,000 
gallons  daily. 

MULLICA   RIVER. 

This  is  the  largest  stream  of  the  Atlantic  coast  group.  It  drains 
in  all  670  square  miles,  and  excepting  the  Delaware  is  the  third 
stream  in  size  in  the  State.  It  rises  near  Atco  and  flows  32  miles 
east-southeast,  measuring  in  a  direct  line  to  the  head  of  Great  bay, 
6  miles  from  the  sea.  It  is  tidal  and  navigable  for  20  miles,  follow- 
ing the  very  sinuous  course  of  the  river.  The  depth  of  the  channel 
through  Great  bay  is  not  much  over  four  feet  at  low  tide,  but  in  the 
river  it  increases  to  about  20  feet,  ranging  to  40  feet  The  lower  7 
miles  of  the  stream  is  bordered  by  tide  marshes,  which  reach  a  width 
of  4  miles  near  the  mouth.  Its  principal  tributaries  all  converge  at 
Batsto,  at  the  head  of  tide.    They  are  the  Batsto,  Atsion,  Mechesca- 
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tanziDy  Nesoochagae  and  Hammonton  brook,  embracing  a  total 
drainage  of  221.6  square  miles.  This  portion  of  the  drainage  area 
is  quite  similar  to  that  of  the  Great  Egg  Harbor  in  its  topographical 
features.  The  streams  are  all  bordered  by  strips  of  cedar  swamp,  and 
they  converge  slowly  as  they  flow  down  the  gently-sloping  plain. 
Eight  miles  from  the  month  of  the  river,  following  the  stream,  but 
only  half  as  much  in  a  direct  line,  it  receives  its  principal  tributary 
from  the  north,  known  as  Wading  river.  This  stream  rises  west  of 
Woodmansie,  and  22  miles  a  little  west  of  north  firom  its  mouth.  It 
is  navigable  and  tidal  about  8  miles,  this  part  of  the  stream  being 
bordered  by  a  narrow  strip  of  tide  marsh.  It  drains  189  square 
miles,  or  one- third  of  the  whole  basin  of  Mullica  river.  This  tribu- 
tary and  its  branches  are  also  much  bordered  by  cedar  swamp,  but 
ttiis  is  more  disposed  in  compact  and  isolated  areas  than  in  r^ular 
strips  along  the  streams.  Less  than  10  per  cent,  of  the  whole  drain- 
age area  of  Mullica  river  is  cleared,  and  on  Wading  river  less  than 
2  per  cent.,  the  remainder  being  forested  with  cedar  in  the  swamps 
and  a  rather  sparse  growth  of  pine  on  the  uplands.  Some  clearing 
is  being  done  at  Egg  Harbor  City  and  Hammonton,  the  cleared  areas 
being  brought  under  cultivation. 
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jginge  have  been  made  of  the  flow  of  Batsto  river,  at  Batsto, 
:he  co-operation  of  Joseph  Wharton,  Esq.,  and  the  aooompanf- 
ble  of  flow  gives  the  results  of  this  work.  An  extended  oom- 
'n  of  the  results  of  these  ganginge  with  those  for  the  Great  Egg 
)r  river  during  the  same  period  has  been  made  in  our  diHcuBsions 
I  latter  gaagings  already  given,  A  more  extended  and  detailed 
shows  that  this  similarity  extends  throughout,  bo  that  for  a 
depletion  of  gronnd-water  both  streams  show  the  same  rate  of 
per  square  mile  of  drainage  area,  and  the  same  ground-flow 
answers  for  both.  This  is  the  curve  on  which  Table  ISo.  61  is 
which  table  conseqaently  applies  to  the  flow  of  the  Batsto,  and 


^ 


282      GEOLOGICAL  SURVEY  OF  NEW  JERSEY. 


by  inference  to  all  other  branohes  of  the  Mallioa,  while  Table  No^^ 
61  A  may  be  safely  applied  to  the  larger  areas  for  the  driest  period.* 

Waier'8upply. — The  waters  of  Mallioa  river,  while  they  have  thiS-^-A^ 
characteristic  brownish  color  of  these  southern  New  Jersey  stream^rsKn 
waters,  have  in  a  marked  degree  the  advantages  of  uninhabitedE^ 
gathering-ground  and  perfect  natural  sand  filtration;  coiiditioi 
favorable  to  great  purity  and  softness.  We  estimate  the  average  flo^ 
of  the  whole  stream  into  Great  bay  at  593,000,000  gallons  daily, 
and  the  minimum  flow  at  95,800,000  gallons  dally. 

Batsto  river  above  the  dam  at  Batsto,  drains  69.7  square  mih 
It  has  an  average  flow  of  72,500,000  gallons  daily,  with  a  least  floi 
of    11,600,000    gallons,  and    a  capacity   with    storage  to   supply 
46,400,000  gallons  daily. 

Ateion  river  above  the  pond  at  Batsto  drains  73.16  square  mil< 


and  has  an  average  flow  of  76,000,000  gallons  daily,  with  a  minimunw 
of  12,300,000  gallons.  Its  supplying  capacity  with  storage  we  esti- 
mate at  48,700,000  gallons  daily. 

The  Neecochague  above  the  dam  at  Pleasant  Mills  drains  34.9^ 
square  miles.  Its  average  flow  is  36,400,000  gallons  and  its  mini- 
mum 5,870,000  gallons  daily.  With  storage  its  supplying  capacity 
is  17,200,000  gallons  daily. 

The  total  drainage  of  the  headwaters  of  the  Mullica  above  Batsto 
embraces  221.6  square  miles,  with  a  total  average  flow  of  230,000,000 
gallons  and  a  minimum  flow  of  37,200,000  gallons  daily,  and  a 
capacity  with  storage  to  supply  147,000,000  gallons  daily. 

The  west  branch  of  Wading  river  drains  97.12  square  miles.  Its 
average  flow  is  101,000,000  gallons  daily  and  least  flow  16,400,000 
gallons  daily.  Its  supplying  capacity  with  storage  is  64,700,000 
gallons  daily. 

The  east  branch  of  Wading  river  drains  66.45  square  miles,  and 
has  an  average  flow  of  69,200,000  gallons  daily.  Its  minimum  flow 
is  11,200,000  gallons  daily,  and  with  storage  it  will  supply  44,300,000 
gallons  daily. 

Bass  river  will  afford  a  local  supply  of  considerable  amounts 
Nacote  creek  above  the  pond  at  Port  Republic  drains  17  square 
miles,  and  we  estimate  its  minimum  flow  at  2,850,000  gallons  daily 
and  its  supplying  capacity  with  storage  at  9,700,000  gallons  daily. 

Water  power. — There  are  in  all  but  14  mill  sites  at  present  on  this 
watershed,  whereas  in  1850,  Gordon's  map  shows  27  sites,  of  whidi 
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20  were  occupied  by  mills — probably  mostly  small  saw-mills — and  7 
by  iron  famaces. 

Batsto  river,  at  Batsto,  has  an  old  furnace  site,  with  9  feet  fall,. 
DOW  occupied  by  a  small  grist  and  a  saw-mill.  We  estimate  7  horse- 
power per  foot  fall  for  9  months,  or  70  horse- ho wer  in  all,  day  and 
night.  There  is  good  pondage,  so  that  probably  twice  this  would  be 
available  for  12  hours  daily.  The  Pleasant  Mills  Paper  Company 
occupy  a  site  with  10  feet  fall  on  Hammonton  brook,  the  Nescochague 
being  diverted  into  the  pond  by  a  raceway  and  a  large  storage  pond^ 
80  that  the  mill  receives  water  from  63.3  square  miles  on  Hammon- 
ton brook  and  the  Nescochague  and  73.16  on  the  Atsion,  or  126.6  in 
all,  giving  12.66  horse-power  per  foot  fall  for  9  months,  but  with  the 
large  pondage,  twice  this  is  available  for  working  hours.  At  Atsion^ 
on  the  site  of  the  old  Atsion  furnace,  there  is  9  feet  fall  not  at  pres- 
ent in  use.  The  drainage  area  of  Atsion  river  above  this  point  is 
26.09  square  milep,  and  the  Mechescatauzin  has  been  diverted  by  a 
raceway,  adding  18.62  square  miles,  making  43.7  square  miles  in  alL 
We  estimate  the  power  available  for  9  months  at  4.37  horse-power  per 
foot  fall,  but  as  there  is  good  pondage,  more  than  this  will  be  avail- 
able for  working  hours. 

On  the  east  branch  of  Wading  river,  at  Harrisia,  there  is  a  paper- 
mill  which  has  recently  suspended  operations.  It  has  12  feet  fall,, 
and  the  west  branch  of  Wading  river  is  diverted  into  the  pond  by  a 
canal,  giving  a  total  tributary  water-shed  of  1 66  square  miles.  We 
estimate  for  9  months  16.6  horse-power  per  foot  &11,  or  186  horse- 
power in  all,  day  and  night,  the  pondage  being  sufficient  to  make 
much  more  than  this  available  during  working  hours.  At  Martha 
furnace  site,  just  above,  on  the  east  branch,  or  Oswego  river,  there  is 
an  abandoned  site  with  12.6  feet  fall  and  64  square  miles  drainage^ 
giving  for  9  months  6.4  horse-power  per  foot  fall  day  and  night. 
About  2  miles  further  up,  10  feet  fall  and  60  horse-power  could  be 
developed. 

On  the  west  branch  of  Wading  river,  1  mile  above  where  it  i» 
diverted  to  the  paper-mill  at  Harrisia,  16  feet  fall  could  be  developed 
with  90  square  miles  drainage,  giving  9  horse-power  per  foot  fall  day 
and  night.  At  the  the  old  Speedwell  furnace  site,  8  feet  fall  is  avail- 
able, and  Shoal  branch,  being  diverted  to  the  pond  by  a  canal,  the 
drainage  area  is  about  60  square  miles,  and  6  horse- power  per  foot 
fall,  or  in  all  80  horse-power  for  working  hours  could  be  obtained* 
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There  are  large  areas  of  valaable  cranberry  bogs  ander  cultivation 
upon  the  cedar  swamp  bottoms  of  Wading  river  and  its  branches. 

Nacote  creek,  at  the  large  pond  at  Port  Republic,  will  famish  1.9 
horse-power  per  foot  fall,  6  feet  fall  being  available.  The  pondage  is 
large  enough  to  give  23  horse- power  for  12  hours  daily. 


SMALL  STREAMS  OF  OCEAN  OOUNTY. 

In  general,  Table  No.  60  may  be  applied  with  safety  to  all  these 
streams,  although  in  some  cases  the  flow  may  be  as  high  as  that 
shown  by  Table  No.  61. 

Tuokerton  oreek. — Above  the  mill-pond  at  Tuckerton,  this  stream 
drains  11.9  square  miles,  and  we  estimate  a  minimum  flow  of  2,000,- 
000  gallons  daily.  The  capacity  with  storage  is  6,800,000  gallons 
daily.  About  0.9  horse-power  per  foot  fall  is  the  available  power  for 
9  months,  the  fall  being  7  feet  with  good  pondage. 

Weatecunk  creek, — Above  the  pond  at  West  Creek  village  this 
stream  drains  21  square  miles,  and  we  estimate  the  minimum  flow  at 
^,530,000  gallons  daily.  The  capacity  of  the  stream  with  storage  is 
12,000,000  gallons  daily.  The  power  available  at  this  point  for  9 
months  is  1.6  horse-power  per  foot  fall,  and  the  fall  being  6.26  feet 
about  20  horse-power  may  be  had  for  working  hours.  There  are 
large  cranberry  bogs  at  Stafibrdville  on  this  stream. 

Manahatcken  creek,  or  MUl  creek, — Above  the  large  pond  at  Mana- 
hawken  village  this  creek  drains  19.7  square  miles.  The  pond 
has  an  area  of  98  acres,  and  we  estimate  the  minimum  flow  at 
-3,300,000  gallons  daily.  With  storage  the  stream  will  supply 
11,250,000  gallons  daily.  The  power  available  for  9  months  we 
estimate  at  1.5  horse-power  per  foot  fall,  and  the  fall  is  8  feet,  so  that 
with  a  large  pondage  24  horse- power  is  easily  attainable  during  work- 
ing hours. 

Forked  river, — The  north  branch  of  this  stream  above  the  village 
bridge  drains  14.7  square  miles,  and  we  estimate  the  average  flow  at 
16,300,000  gallons  daily,  the  minimum  flow  at  2,470,000  gallons 
daily,  and  the  capacity  with  storage  8,400,000  gallons  daily.  The 
power  available  for  9  months  is  1.1  horse-power  per  foot  fall,  the 
fall  being  8.5  feet  at  the  saw  and  grist-mill,  giving  about  20  horse- 
power for  working  hours. 

Cedar  oreek, — This  stream  drains  55.8  square  miles  above  the  vil- 
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lage  bridge^  and  Table  No.  61  may  be  safely  applied,  as  the  stream  is 
bordered  throughoat  by  cedar  swamps.  We  estimate  the  average 
flow  at  68,000,000  gallons  daily,  the  minimum  flow  at  9,370,000 
gallons  daily,  and  the  supplying  capacity  with  storage  31,900,000 
gallons  daily.  The  power  available  at  this  point  we  estimate  at  6.6 
horse-power  per  foot  fall  for  9  months,  and  about  16  feet  fall  could 
be  developed  with  large  pondage,  giving  84  horse-power  day  and 
night,  or  168  horse-power  for  12  hours  daily. 

At  Double  Trouble  saw- mill  there  is  6  feet  fall  with  large  pondage. 
The  drainage  being  46  square  miles,  4.6  horse-power  per  foot  fall,  or 
27  horse-power  continuous,  and  twice  this  for  working  hours  may  be 
obtained  during  9  months.  Further  up  the  stream  there  are  two 
good  ponds  at  the  site  of  the  old  Dover  forge  and  the  Farrago  forge 
at  Bamber,  both  of  which  are  now  used  for  saw-mills. 

TOMS  BIVEB. 

This  stream  rises  at  Clarksburg,  near  the  source  of  the  Assanpink 
and  Millstone,  in  Monmouth  county,  and  flows  southeast  to  the  head 
of  tide  at  Toms  River  village,  a  distance  of  20  miles  in  a  direct  line. 
Thence  eastward,  6  miles  to  Bamegat  bay,  the  river  extends  as  a 
shallow  estuary,  from  6  to  10  feet  deep  and  about  1  mile  wide  at  the 
mouth,  being  practically  an  arm  of  Barnegat  bay.  The  water- shed 
lies  almost  entirely  upon  the  Tertiary  sand  and  gravel,  and  has  an 
area  of  163.8  square  miles.  The  upper  portion  resembles  the  more 
southerly  streams  of  this  group,  the  water-courses  being  everywhere 
bordered  by  strips  of  cedar  swamp,  and  the  uplands  from  40  to  60 
feet  higher  and  wooded  with  the  characteristic  pine  growth  of  this 
seotioD.  On  the  lower  portion  of  the  water- shed,  there  is  a  little 
variation  in  the  topography.  The  stream  and  its  branches  are  bor- 
dered by  flats  half  a  mile  or  less  in  width,  from  which  the  uplands 
rise  quite  abruptly  at  first  by  steep  banks  about  30  feet  high.  Fur- 
ther back,  the  uplands  rise  from  60  to  80  feet  above  the  stream 
valley.    Only  6  per  cent,  of  the  water-shed  is  cleared  of  timber. 

Table  No  6 1  applies  to  the  flow  of  Toms  river  and  its  branches. 

Wdter-gupply. — The  water  is  of  the  same  general  character  as  the 
other  streams  of  this  group.  We  estimate  the  total  flow  at  Toms 
River  bridge  at  170,000,000  gallons  daily  during  the  average  year, 
and  the  minimum  flow  at  27,600,000  gallons  daily.    The  whole 
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water-shed  has  a  sapplying  capacity^  with  storage^  of  112,000,000 
gallons  daily. 

Above  the  conflaence  of  Ridgeway  Branch,  the  stream  drains  58 
sqaare  miles  and  has  an  average  flow  of  61,400,000  gallons  daily,  a 
minimum  flow  of  9,900,000  gallons  daily  and  a  capacity,  with  stor- 
age, to  sapply  33,750,000  gallons  daily. 

Ridgeway  Branch  is  the  principal  affluent  and  rises  near  Collier's 
Mills,  on  the  west  line  of  Ooean  county.  It  flows  southeast  by 
^ast,  joining  Toms  River  3.6  miles  above  the  village.  It  drains  64.9 
square  miles  and  has  an  average  flow  of  67,500,000  gallons,  a  mini- 
mum of  10,900,000  gallons  and  will  supply,  with  storage,  37,200,000 
gallons  daily. 

Union  Branch  is  the  principal  affluent  of  Ridgeway,  which  it  joins 
2  miles  above  the  mouth.  This  branch  drains  30  square  miles  and 
has  an  average  flow  of  31,200,000  gallons  daily,  a  minimum  of 
6,040,000  gallons  daily  and,  with  storage,  will  supply  17,220,000 
gallons  daily. 

Davenport  Branch  drains  34  square  miles.  It  has  an  average 
flow  of  35,300,000  gallons,  a  minimum  of  5,720,000  gallons  and  a 
capacity,  with  storage,  to  supply  19,400,000  gallons  daily. 

Water-power. — There  are  at  present  on  this  water-shed  but  12 
mills  at  9  mill  sites,  with  an  aggregate  of  288  net  horse-power.  In 
1850,  we  find  19  mills  and  Manchester  and  Phoenix  iron  furnaces 
using  power  on  the  stream  and  its  branches.  Here,  as  elsewhere  in 
this  portion  of  the  State,  this  decadence  of  water-power  is  due  to  the 
exhaustion  of  the  timber-supply,  causing  the  abandonment  of  saw- 
mills and  to  the  change  of  conditions  in  the  iron  industry,  which 
caused  the  abandonment  of  the  small  charcoal  furnaces.  Owing  to 
the  configuration  of  the  lower  valley,  the  opportunities  for  the 
development  of  water-power  are  exceptionally  good  on  this  stream. 
At  the  crossing  of  the  highway  from  Toms  River  to  Manchester,  a 
development  very  similar  to  that  at  Millville  would  furnish  25  feet 
fall  with  a  pond  4.5  miles  long  and  half  a  mile  wide.  The  drainage 
area  is  129  square  miles,  and  we  estimate  the  power  for  9  months  at 
12.9  horse-hower  per  foot  fall,  or  322  horse-power  day  and  night, 
which,  with  the  pondage  mentioned,  would  give  644  horse-power  for 
12  hours  daily.  This  power,  in  the  very  driest  season,  would  never 
fall  below  193  horse  power  for  12  hours  daily.  Just  above  the  con- 
fluence of  Ridgeway  Branch,  the  available  power  of  the  stream  is  5.8 
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horee-power  per  foot  fidl,  and  16  or  20  feet  fall  ooald  be  readily 
developed.  At  White's  bridge,  the  stream  will  furnish  4.6  horse- 
power  per  foot  fall,  and  facilities  are  good  for  developing  16  feet  fall. 

On  Bidgeway  Branch,  at  the  site  of  the  old  Phoenix  farnace,  abont 
one  mile  above  the  month,  6.4  horse-power  per  foot  fall  is  available, 
and  16  or  20  feet  could  be  readily  developed.  At  Manchester  pond, 
on  Union  branch,  we  estimate  2.1  horse- power  per  foot  fall,  there 
being  14  feet  fall  with  good  pondage,  so  that  about  60  horse- power 
is  available  for  12  hours  daily  during  9  months  of  the  year. 

On  Davenport  Branch,  at  Van  Schoick's  mill,  we  estimate  3.4 
horse-power  per  foot  fall,  or  twice  this  for  working  hours  for  9 
months  of  the  year. 

It  will  be  seen  that  Toms  river  presents  exceptionally  good  facili- 
ties for  developing  water-power,  and  an  aggr^ate  of  1,000  horse- 
power could  be  easily  obtained. 

MBTEDEOONK  BFVEB. 

This  is  the  last  of  the  coast  streams  as  we  go  northward  which  has 
its  water- shed  wholly  upon  the  Tertiary  sand  and  gravel.  The  lower 
4  miles  of  the  river  is  a  shallow  tidal  estuary  like  that  of  Toms  river, 
having  an  average  width  of  about  half  a  mile,  and  really  forms  the 
head  of  Barnegat  bay.  From  the  head  of  tide  at  Burrsville  to  the 
source  of  the  river  at  Charleston  Springs  is  16  miles  in  a  direct  line, 
the  general  course  of  the  river  being  east- southeast.  The  river  has 
two  branches,  which  rise  close  together  and  alternately  recede  and 
approach  each  other,  the  distance  apart  nowhere  much  exceeding  3 
miles,  and  being  in  some  cases  less  than  one.  They  do  not  finally 
come  together  until  within  about  a  mile  from  the  head  of  tide. 
The  South  Branch  flows  through  Lakewood,  and  the  whole  area 
drained  above  the  head  of  tide  is  73.9  square  miles.  The  relief  of 
the  water-shed  is  considerably  bolder  than  upon  the  previous  streams 
of  this  class.  The  streams  are  bordered  by  a  very  narrow  strip  of 
wooded  swamp,  the  aggregate  area  of  swamps  being  quite  small,  and 
the  uplands  rise  in  many  places  with  considerable  abruptness  from  76 
to  100  feet  above  the  stream  valleys.  The  uplands  are  covered  with 
the  characteristic  pine  growth  of  the  Tertiary  plain.  But  32  per 
cent  of  the  whole  area  is  cleared  and  under  cultivation. 

Table  No.  61  may  be  safely  applied  to  the  Metedeconk. 
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WcUer-supply. — ^The  water  of  the  Soath  Branch  is  used  at  presen*  -j 
to  sapply  Lakewood  to  the  extent  of  280,000  gallons  daily,  all  of  th^» 
water  being  filtered.  We  estimate  the  average  flow  at  Barrsville  aii" . 
76,800,000  gallons  daily,  the  minimam  at  12,400,000,  and  the  snp^ 
plying  capacity,  with  storage,  42,300,000  gallons  daily.  The  Norticz: 
Branch  drains  43.2  square  miles,  with  an  average  flow  of  44,800,00CZ 
gallons,  a  minimam  of  7,250,000  gallons,  and  a  capacity  to  snppl 
24,600,000  gallons  daily,  with  storage.  South  Branch,  at  Lakewood 
has  an  average  flow  of  25,500,000  gallons  daily,  a  minimam  o 
4,120,000  gallons  and  a  capacity  to  sapply,  with  storage,  14,000,000 
gallons  daily. 

Water-power. — At  Burrsville  there  is  an  old  mill-site  with  9  feet 
fall  and  a  large  pond.  We  estimate  the  power  for  9  months  at  7.4 
horse-power  per  foot  fall,  or  66.6  for  the  fall  given,  twice  this  being 
available  for  12  hoars  daily.  The  North  Branch  at  Lane's  mill  will 
give  3.8  horse-power  per  foot  fall  for  9  months,  and  the  same  stream 
at  Lakewood  2  horse- power  per  foot  fall,  and  10  feet  fall  coald  be 
developed,  or  40  horse- power  for  12  hoars  daily  daring  9  months. 

The  South  Branch,  near  its  mouth,  will  furnish  2.9  horse-power 
per  foot  fall,  and  10  feet  fall  might  be  improved.  At  Lakewood  we 
estimate  2.46  horse-power  per  foot  fall.  There  is  9  feet  fall  with 
good  pondage,  so  that  44  horse-power  may  be  had  for  12  hours  daily 
during  9  months,  or  76  horse-power  during  6  months.  The  power 
here  is  used  for  pumping  water  and  running  the  electric  light  plant, 
the  largest  use  being  in  winter.  At  Bennett's  mills  we  estimate  1.8 
horse-power  per  foot  fall,  and  the  fall  is  9  feet  with  good  pondage,  so 
that  32  horse- power  is  available  for  12  hours  daily. 


MANASQUAN  RIVER. 

This  stream  rises  southwest  of  Freehold,  17  miles  from  its  mouthy 
and  flows  southeasterly.  From  the  inlet  to  the  head  of  tide,  a  dis- 
tance of  5.5  miles,  is  a  tidal  estuary  from  one-quarter  to  one-half  a 
mile  in  width,  with  an  area  of  1,216  acres.  Manasquan  inlet  fur- 
nishes a  restricted  outlet  to  the  sea.  This  portion  of  the  river  is  quite 
picturesque,  the  topography  being  much  bolder  than  that  of  the  pre- 
vious water-sheds.  The  stream  has  a  well-defined  valley  along  its 
lower  course,  about  two  miles  wide  and  from  100  to  150  feet  deep. 
There  is  comparatively  little  swamp  and  the  upper  portion  of  the 
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water-shed  is  quite  highly  cultivated,  only  32  per  cent,  of  the  whole 
beiog  in  forest.  The  caltivated  portion  of  the  water- shed  is  largely 
on  the  marl  district,  and  the  stream  is  in  consequence,  when  swollen, 
muddier  than  those  more  southerly.  The  whole  area  drained  is  80.5 
square  miles. 

Water-supply. — It  will  be  seen  from  our  description  above  that 
the  stream  is  less  promising  as  a  source  of  water-supply  than  those 
we  have  previously  described.  The  average  outflow  of  fresh-water  at 
Manasquan  inlet  is  83,600,000  gallons  daily.  At  Upper  Sqnan 
bridge,  above  the  head  of  tide,  the  average  flow  is  67,300,000  gallons 
daily,  and  the  minimum  10,900,000  gallons  daily. 

Water-power, — At  Upper  Sqnan  bridge  the  stream  will  furnish 
during  9  months  6.6  horse-power  per  foot  fall.  Thirty  feet  fall 
could  be  developed  here  with  flue  pondage,  giving  196  horse-power 
continuous,  or  390  horse-power  for  12  hours  daily.  This  site  is  con- 
venient to  be  used  for  electric  lighting,  &c.,  along  the  seashore. 


SMALL  COAST  STREAMS  OF   MONMOUTH   COUNTY. 

Wreck  pond, — This  has  a  water-shed  of  12.8  square  miles  and  an 
average  inflow  of  13,300,000  gallons  daily,  the  minimum  being 
2,160,000  gallons  daily. 

Shark  river. — This  stream  flows  into  the  Shark  Biver  bay,  which 
has  an  area  of  1,018  acres,  with  a  restricted  and  uncertain  outlet  to 
the  ocean,  which  is  sometimes  closed  by  storms,  temporarily.  The 
drainage  of  the  river  to  the  head  of  the  bay  embraces  16.9  square 
miles,  of  which  69  per  cent,  is  wooded.  The  average  flow  is 
17,660,000  gallons  daily,  and  the  minimum  2,830^000  gallons  daily. 
With  storage  the  stream  will  supply  9,670,000  gallons  daily.  There 
is  some  marl  along  the  main  stream. 

The  North  Branch  above  the  pond  at  Kisner's  grist-mill  drains 
6.92  square  miles.  The  minimum  flow  is  990,000  gallons  daily, 
and  with  storage  the  stream  will  supply  3,390,000  gallons  daily. 

Deal  lake. — ^This  lake  has  an  area  of  144  acres  and  receives  the 
drainage  from  6.1  square  miles,  giving  an  average  flow  of  6,340,000 
gallons  and  a  minimum  flow  of  1,026,000  gallons  daily. 

Whale-pond  brook. — ^This  stream  is  used  as  a  source  of  water-sup- 
ply for  Long  Branch.     It  is  reported  that  1,000,000  gallons  daily  is 

19 
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used,  the  supply  beiDg  filtered.  The  stream  drains  6.1  square  miles  ^ 
giving  an  average  flow  of  6,300,000  gallons  and  a  minimam  ofer^ 
866,000  gallons  daily.  The  maximam  available  with  storage  will  b^v 
2,910,000  gallons  daily.    There  is  already  some  storage  in  nse. 

Shrervsbury  river, — ^This  is  really  a  large^  shallow^  irr^alar  bay 

having  an  area  of  2,202  aores  above  Seabright  bridge,  and  receiving^ 
the  flow  of  several  small  tribntaries.    The  drainage  amounts  to  2^^ 
square  miles,  and  covers  a  populous  and  cultivated  area.   The  average 
inflow  of  fresh  water  amounts  to  30,200,000  gallons  daily. 

NAVESINK  BIVEB. 

This  stream  rises  near  Freehold  and  flows  17  miles  northeast  to 
Sandy  Hook  bay.  It  will  be  observed  that  its  course  is  at  right 
angles  to  the  general  course  of  the  Atlantic  coast  streams.  The 
lower  7  miles  up  to  Red  Bank  is  a  tidal  estuary  about  three-quarters 
of  a  mile  wide  and  250  acres  in  extent.  The  entire  drainage  area  is 
96  pquare  miles,  and  this  lies  almost  wholly  in  the  marl  region  and 
is  highly  cultivated.  The  water- shed  is  also  populous.  Its  topo- 
graphy is  entirely  different  from  that  of  the  Tertiary  water-shed  and 
resembles  somewhat  that  of  some  of  the  tributaries  of  the  lower 
Delaware.  The  stream  and  its  branches  traverse  narrow,  flat- bot- 
tomed ravines,  bordered  by  high  banks  and  are  sinuous  in  their 
course.  Table  No.  60  applies  to  the  flow  of  the  Navesink  and  its 
branches. 

We  estimate  the  average  flow  into  Sandy  Hook  bay  at  98,850,000 
gallons  daily,  not  includiDg  the  Shrewsbury. 

Water- supply, — It  is  suflBciently  indicated  by  the  above  description 
that  this  stream  is  not  fitted  to  become  a  source  of  water-supply, 
although  some  of  its  small  branches  might  afford  good  local  supplies. 
We  estimate  that  Swimming  river,  at  Red  Bank,  discharges  an 
average  of  68,000,000  gallons  daily  and  a  minimum  of  11,000,000 
gallons  daily. 

Water-power. — Swimming  river  affords  some  good  opportunities 
for  the  development  of  water-power  in  moderate  amounts  on  its  upper 
courses.  At  Red  Bank,  a  dam  1,300  feet  long  would  develop  30  feet 
fall  with  large  pondage.  We  estimate  that  for  9  months,  6  horse- 
power per  foot  fall,  or  160  horse- power  day  and  night,  and  300  horse- 
power for  12  hours  daily  could  be  obtained,  and  the  minimum  flow 
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of  the  stream  would  fcumiBh  2  horse-power  per  foot  fall^  or  120 
horse-power  for  12  hours  daily. 

The  water>power  at  Tiuton  Falls  is  one  of  historic  interest.  This 
was  the  site  of  Lewis  Morris'  iron  works,  established  not  later  than 
1682.  The  drainage  of  the  stream  above  this  point  embraces  12.26 
square  miles,  and  the  fall  is  28  feet.  For  9  months,  0.94  horse- 
power per  foot-fally  or  in  all,  62  horse* power  for  12  hours  daily  can 
be  obtained,  and  for  6  months,  94  horse-power  for  12  hours  daily  is 
available.  It  will  be  seen  that  this  was  sufScient  for  what  would  be 
r^arded  as  a  good-sized  plant  at  that  period. 

SMALL  BRAlfCflES  OF  BABITAN  BAY. 

These  streams  lie  entirely  on  the  marl  region  and,  in  general,  are 
of  little  economic  importance.  It  is  not  necessary  to  take  them  up 
in  detail.    Table  No.  60  applies  to  their  flow. 


SOME    GENERALIZA.TI0N8    AS    TO    WATER-SUPPLY. 

LEAST  MONTHLY  Ain>  MINIMUM  FLOW. 

We  have,  in  our  foregoing  estimates,  dealt  with  the  average  flow 
of  the  stream  during  the  driest  month.  It  should  be  remembered 
that  many  streams  are  likely  to  fall  below  this  amount  for  as  much 
as  two  weeks.  In  Table  No.  42,  we  have  given  a  list  of  observed 
minima  for  the  various  streams.  We  may  compare  these  with  the 
computed  average  flow  during  the  driest  month. 

Table  No.  61,  applying  to  Kittatinny  valley  and  Highland  streams, 
gives  a  least  monthly  flow  at  the  rate  of  81,000  gallons  daily  per 
square  mile.  In  our  remarks  following  Table  No.  42  we  conclude 
that  the  natural  minimum  of  these  streams  ranges  between  0.10  and 
0.16  cubic  foot  per  second  per  square  mile,  or  64,627  to  96,940  gal- 
lons daily.  It  is  evident,  therefore,  that  on  this  class  of  streams,  in 
order  to  always  obtain  the  rate  given  as  the  least  monthly  flow,  a 
small  amount  of  storage  must  be  provided  equal  to  about  100,000 
gallons  per  square  mile. 

Table  No.  62,  applying  to  such  streams  as  the  Pequest,  shows  a 
least  monthly  flow  at  the  rate  of  140,000  gallons  daily.    These 
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streams  occasionally  fall  as  low  as  97,000  gallons  daily,  so  that  stor- 
age to  the  amoant  of  660,000  gallons  per  square  mile  would  be 
needed.  The  flow  of  the  Passaic  is  given  in  Table  No.  63  at  the 
rate  of  127,000  gallons  daily  per  equare  mile  for  the  driest  month. 
The  least  observed  is  123,000  gallons  daily  per  square  mile,  so  that 
storage  to  the  amount  of  60,000  gallons  per  square  mile  would  be 
needed  in  order  to  hold  the  stream  up  to  the  average  flow  of  the 
driest  month.  Table  No.  64  applies  to  the  Hackensack  and  northern 
red  sandstone  streams  with  large  ground-flow.  It  gives  the  flow 
during  the  driest  month  at  123,000  gallons  daily,  and  when  allowed 
to  flow  naturally  it  appears  from  our  observations  that  this  class  of 
streams  do  not  fall  below  this.  It  may  be  remarked  here  that  it  is 
•the  rule  with  streams  of  large  ground-storage  that  their  flow  is  more 
evenly  sustained  during  the  dry  months,  and  they  do  not  fluctuate  to 
the  extreme  low  limits  of  those  with  more  limited  ground-flow. 

Table  No.  66,  for  the  Raritan,  gives  an  average  flow  during  the 
dry  months  as  low  as  the  lowest  flow  which  has  ever  been  observed. 

For  the  class  of  stream  to  which  Table  No.  66  applies,  it  will  be 
best  to  provide  storage  amounting  to  330,000  gallons  per  square  mile 
in  order  to  obtain  the  average  flow  during  the  driest  month  at  all 
times,  since  these  streams  are  likely  to  run  entirely  dry  during  two 
weeks.  The  flow  of  the  Delaware  is  given  in  Table  No.  67  at 
127,000  gallons  daily  per  square  mile  during  the  driest  month , 
whereas  the  actual  observed  minimum  is  110,000  gallons  daily  per 
square  mile,  so  that  266,000  gallons  per  square  mile  of  storage  should 
be  provided  in  order  to  obtain  the  average  flow  for  the  driest  month 
during  every  day  of  that  month.  The  southern  New  Jersey  streams 
all  have  large  ground-storage,  and  when  flowing  naturally  will 
always  furnish  the  average  daily  flow  for  the  driest  month,  but  in  all 
cases  the  possibility  of  water  being  held  in  ponds  above  should  be 
considered. 

Plate  10  shows  the  comparative  fluctuations  of  the  Passaic  and 
Raritan,  of  about  the  same  size,  and  of  the  Neshaminy  and  Batsto. 
This  exhibit  gives  a  good  indication  of  the  relative  steadiness  of 
the  different  classes  of  streams  if  we  remember  that,  other  things 
being  equal,  smaller  water-sheds  invariably  fluctuate  more  than  larger 
ones.  These  diagrams  are  all  plotted  in  depths  on  the  water-shed  in 
24  hours,  so  that  we  may  compare  the  proportional  flows  per  square 
mile  of  water-shed.     A  still  more  instructive  exhibit  is  the  diagram 
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of  daily  flow  of  the  PassaiOi  oovering  17  years,  which  is  shown  in 
Plate  8.  The  study  of  this  diagram  shows  that  practically  every 
year  bat  1889  and  1890,  or  16  years  oat  of  17,  shows  qaite  an 
extended  dry  period,  yet  if  we  shoald  take  the  average  flow  by 
months  daring  these  years,  this  dry  period  woald  be,  to  a  consider- 
able extent,  hidden,  since  it  does  not  always  occar  in  the  same 
months.  It  is  for  this  reason  that  the  average  year  which  we  have 
adopted,  in  accordance  with  the  usaal  custom,  and  as  an  indication  of 
the  relative  discharge  of  different  sections,  does  not  give  a  true  oon- 
<«ption  of  the  real  average  of  a  period  of  years.  This  was  the  rea- 
son why  we  adopted  for  our  ordinary  dry  year  an  actual  year  of 
rainfall,  as  shown  by  the  records,  and  one  which  embodied  an 
ordinary  dry  period,  and  this  also  explains  the  reason  why  our 
ordinary  dry  year  exhibits  a  flow  for  9  months  about  equal  to  what 
will  be  maintained  on  an  average  9  months  out  of  12.  In  other 
words,  the  dry  period  exhibited  by  our  ordinary  dry  year  will  be 
approximated  to  almost  every  year  during  some  part  of  the  year. 
The  year  which  we  have  given  as  an  average  year  has  consequently 
but  little  economic  value,  and  this  is  an  illustration  of  the  evil  which 
has  resulted  from  the  practice  of  dealing  too  much  with  average  rain- 
fall, average  flow  and  percentages  in  comparing  different  streams  and 
-estimating  their  capacity. 

COMPUTED  YIELD  WITH  8T0BAGE,  VERIFIED  BY  GAUGINGS. 

There  is  always  a  tendency  to  be  optimistic  in  computing  the 
amount  of  water  available  from  a  given  water-shed.  It  may,  at  first 
«ight,  seem  strange  that  there  should  be  so  wide  a  difference  between 
what  we  have  computed  as  the  flow  for  the  average  year  and  the 
amount  which  can  be  collected  and  drawn  upon  at  a  uniform  rate 
throughout  the  year  during  the  driest  period.  The  following  table 
eammarizes  our  estimates  on  the  different  classes  of  water-sheds,  and 
will  be  found  convenient  for  reference  in  this  connection  : 
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AVERAGE  AND  COLLECTIBLE  FLOW-OFF  OF  STREAMS. 


KittatioDy  Valley  and  Highlands. 

Delaware  River. 

Passaic  River 

Red  Sandstone  Streams 

Trenton  to  Camden 

Below  Camden 

Coast  Streams 


AVERAGE  FLOW-OFF. 


a  ^ 
a  s; 


24.41 
24.75 
21.80 
21.72 
20.66 
19.61 
21.88 


•a 


s 


1,162,000 
1,180,000 
1,015,000 
1,080,000 
985,000 
988,000 
1,040,000 


ESTIMATED 
COLLECTIBLE. 


§■2 


14.00 
14.00 
14.00 
12.00 
12.00 
10.00 
12.00 


oo   ^ 


666,094 
666,094 
666,094 
570,938 
570,938 
476,090 
570,938 


Oar  remarks  just  previous  as  to  the  indioations  of  an  average  year 
are  pertinent  in  this  oonneotion  also.  While  the  average  yield  of 
different  streams  may  be  useful  as  a  means  of  comparing  different 
sections  of  the  country,  it  is  something  which  never  occurs  during 
any  given  year.  On  account  of  the  tendency  to  estimate  rather  higb 
as  to  the  yield  of  a  water  shed;  to  which  we  have  already  referred, 
there  may  be  some  who  will  regard  the  results  which  we  have  reached 
as  too  theoretical.  No  one  who  has  followed  us  intelligently  can  fail 
to  recognize,  however^  that  these  results  are  purely  empirical,  based 
on  actual  experience,  but  it  may  be  well  to  further  enforce  our  con- 
clusions by  referring  directly  to  the  actual  gaugings.  We  have  noted^ 
during  the  progress  of  our  studies,  that  the  Sudbury,  Croton  and 
Passaic  all  show  practically  the  same  yield  for  a  given  rainfall. 
Turning  now  to  the  record  of  gaugings  on  the  Sudbury,  on  page  48, 
we  find  that  from  June,  1882,  to  December,  1883,  a  period  of  1^ 
months,  the  total  amount  of  water  flowing  off*  amounted  to  14.33 
inches,  whereas  a  draught  at  a  uniform  rate  equal  to  14  inches  per 
annum  would  require  a  total  of  22.17  inches  upon  the  water-shed. 
The  difference  of  7.84  inches,  consequently,  would  have  to  be  drawn 
from  storage  reservoirs,  and  these  would  at  no  time  during  this^ 
interval  have  been  full,  nor  would  they  fill  until  the  following 
March,  or  22  months  in  all.  This  is  a  very  long  period  for  sucb 
reservoirs  to  be  drawn  down.     If  the  draught  bad  been  reduced  to 
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12  inches  per  anDum  they  would  have  filled  at  the  end  of  the  twelfth 
months  which  most  be  regarded  as  maoh  more  satififactory, 

Nexty  the  CrotoD,  from  Jane,  1870,  to  January,  1871,  a  period  of 
8  months,  shows  a  total  flow  of  3.98  inches,  while  a  draught  at  the 
rate  of  14  inches  per  annum  would  amount  to  9.33  inches,  leaving 
5.35  inches  to  be  drawn  from  storage,  and  the  reservoirs  drawn  to 
this  extent  would  not  fill  again  until  the  following  November,  thus 
remaining  drawn  down  a  period  of  17  months.  Again,  the  same 
stream,  from  May,  1880,  to  June,  1881,  would  not  more  than  com- 
fortably fill  its  reservoirs  at  the  end  of  the  fourteenth  month  if  drawn 
at  the  rate  of  14  inches  per  annum.  This  is  certainly  strongly  sug- 
gestive that  during  the  still  drier  period  in  1881  and  1882  we  could 
not  have  collected  more  than  14  inches  on  the  Croton  water-shed. 

Turning  to  the  Passaic,  from  May,  1880,  to  January,  1881,  a 
period  of  9  months,  the  total  flow- off  was  5.54  inchep,  whereas  a 
continuous  draught  at  the  rate  of  14  inches  per  annum  would  have 
required  10.5  inches,  so  that  4.96  inches  would  have  been  drawn 
from  storage.  In  this  case,  the  reservoirs  would  have  filled  in 
March,  the  eleventh  month  after  the  draught  began.  At  the  end  of 
November,  1881,  the  depletion  of  reservoirs  would  have  amounted 
to  5.11  inches,  but  in  this  case  it  would  have  filled  at  the  end  of  the 
eighth  month.  The  only  reason  that  the  Passaic  does  not  exhibit  as 
small  a  dry-season  flow  as  the  Sudbury  is,  that  its  rainfall  in  no  case 
falls  so  low.  This  may  be,  and  we  believe  it  is,  due  to  the  larger 
size  of  the  water-shed,  as  we  have  previously  pointed  out  that  the 
most  extreme  droughts  shown  by  our  records  are  probably  limited  to 
about  100  square  miles  of  area,  and  some  part  of  a  large  water- shed 
is  quite  sure  to  receive  some  heavy  showers  during  these  protracted 
dry  periods.  It  follows  that  we  have  no  warrant  for  supposing  that 
on  a  portion  of  the  Passaic  water- shed  as  small  as  that  of  the  Sud- 
bury the  rainfall  will  not  fall  as  low  as  the  record  upon  that  water- 
shed indicates,  or  as  low  as  the  dry  period  shown  in  the  Philadelphia 
record  during  1881  and  1882,  on  which  we  have  based  the  dry- 
period  flow  shown  by  our  tables.  The  same  is  true  of  the  Tohickon, 
Neshaminy  and  Perkiomen.  Our  records  there  show  a  larger  flow 
only  because  the  rainfall  is  larger,  and  our  studies  indicate  that  not 
only  is  it  likely  at  some  time  to  fall  as  low  as  that  of  our  driest 
period,  but  that  in  this  case  these  streams  would  not  yield  as  large  a 
quantity  of  water  as  the  Sudbury,  since  the  evaporation  is  about  one- 
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tenth  larger.  Right  here,  it  may  be  well  to  also  call  attention  to  the 
danger  of  reasoning  that  becaose  these  streams  show  a  larger  percent- 
age of  rainfall  flowing  off  daring  the  period  of  oomparatively  large 
rainfall  covered  by  the  gaugings,  they  will  continue  to  show  the  same 
larger  percentage  in  case  the  rainfall  falls  as  low  as  that  upon  the  Sad- 
bury  in  1882  and  1883.  The  real  relation  between  rainfall  and 
stream- flow  is  that  shown  by  our  formula  (jF  equals  0.82  12  minus 
15.60)|  excepting  as  this  amount  might  be  augmented  by  draughts 
from  ground*  storage,  thereby  discounting,  in  a  measure,  the  rainfall 
receipts  of  the  following  year.  Our  oondusions  are,  that  all  these 
streams  obey  the  same  law  and  that,  given  a  water-shed  no  larger 
than  the  Sudbury,  they  will  all  be  subject  to  as  b'ght  a  flow- off  as 
that  shown  in  1882  and  1883,  which  we  have  cited  above.  For  such 
water-sheds,  we  consider  our  estimates  of  yielding  capacity  to  be  the 
very  highest  that  can  safely  be  adopted.  Indeed,  we  are  disposed  to 
recommend  that  in  general  a  margin  of  2  inches  per  annum  under 
these  estimates  should  be  allowed  where  it  can  conveniently  be  done, 
as  this  will  insure  a  more  reliable  and  healthful  supply.  The  waste 
which  will  result  in  the  years  of  larger  flow  should  not  be  regarded 
entirely  as  a  loss.  Some  waste  from  storage  reservoirs  is,  on  the 
whole,  desirable.  Furthermore,  floods  may  be  regarded  as  nature's 
method  of  washing  down  and  purifying  the  gathering-ground?.  In 
many  eases,  very  long  periods  of  low  reservoirs  will  result  in  an 
inconvenient  increase  in  objeetioDable  vegetable  and  animal  micro- 
organisms. 

SELECTION  OF  SOURCES  OP  SUPPLY. 

Id  another  chapter  our  exhibit  of  the  water-supply  of  the  State 
now  in  use  shows  that  all  but  a  comparatively  insignificant  amount  is 
drawn  from  our  streams.  The  results  of  chemical  analysis  leave  little 
doubt  that  stream- waters  are  by  far  the  best  for  domestic  consump- 
tion as  a  rule.  In  selecting  gathering- grounds  for  the  supply  of  a 
city,  it  is  of  the  first  importance  that  the  geological  and  topographical 
conditions  should  be  favorable  to  purity.  If  otherwise,  it  will  be 
almost  impossible  to  maintain  this  supply  in  a  satisfactory  condition. 
The  very  best  waters  of  the  State  are  those  from  the  Arch  se  in  High- 
lands. Not  only  is  this  true,  but  these  streams  are  generally  at  a 
sufficient  elevation  to  afford  a  gravity  supply  to  our  cities,  thus  saving 
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the  expense  of  pamping.  Next  to  this,  from  a  hygienic  point  of 
vieWy  come  the  waters  of  the  Tertiary  pine  plain  in  southern  New 
Jersey.  The  character  of  these  water-sheds  is  such  that  a  most 
thorough  natural  filtration  is  in  constant  operation,  and  it  is  almost 
impossible  for  any  considerable  impurities  to  find  their  way  from  the 
water-sheds  into  the  streams.  Next  in  rank  oome  the  waters  of  the 
Kittatinny  valley^  then  those  of  the  red  sandstone  plain,  and  finally 
those  of  the  day  and  marl  r^ion.  Indeed,  the  latter  are  practically 
ihe  only  streams  which  are  ever  objectionable  in  their  natural  state, 
4ind  even  here  many  of  the  smaller  streams  have  sandy  and  gravelly 
water- sheds,  and  form  fair  gathering- grounds. 

Next  in  importance  in  the  selection  of  sources  of  supply,  and  only 
next  because  danger  from  this  souree  may  easily  be  remedied  except 
in  a  few  grave  cases,  comes  the  avoidance  of  sewage  pollution  ioci- 
Cental  to  populous  water- sheds.  This  form  of  contamination  should 
be  avoided  at  any  cost.  No  chemical  analysis  should  be  made  the 
basis  for  continuing  the  use  of  a  supply  so  polluted  at  any  point  near 
the  source  of  pollution.  Such  waters  may  be  used  for  a  considerable 
period  without  causing  any  serious  trouble,  and  yet,  without  a 
moment's  warning,  they  may  breed  a  disastrous  contagion.  The 
^efiPeots  observed  in  this  connection  by  the  Massachusetts  Board  of 
Health  at  Lawrence,  from  the  sewage  of  Lowell,  10  miles  above,  on 
the  Merrimac,  indicate  that  even  a  small  amount  of  sewage  may  cause* 
disease.  In  fisust,  the  prevalence  of  typhoid  at  Lawrence  appeared  to 
be  directly  traced  to  a  few  individual  cases  occurring  on  one  of  the 
branches  of  the  Merrimac,  and  from  which  the  germs  were  com- 
municated through  the  water-supply  drawn  from  the  river.  This, 
however,  is  one  of  several  similar  cases.  Even  should  a  chemical 
and  geological  examination  show  no  evidence  of  danger  in  a  sewage- 
contaminated  supply  at  a  given  date,  this  is  no  warrant  for  the  con- 
dnsion  that  such  water  will  continue  to  be  safe  for  any  length  of  time 
in  the  future.  The  extreme  rapidity  of  increase  of  micro-organisms, 
which  sometimes  takes  place  in  water  under  examination,  is  suggestive 
of  these  possibilities. 

In  this  connection,  it  may  be  well  to  point  out  the  proper  place  of 
chemical  and  microscopic  analyses.  There  is  no  doubt  that  a  con- 
siderable uncertainty  exists  even  among  the  best  authorities  as  to 
what  confidence  is  to  be  placed  on  the  results  of  these  analyses,  or, 
indeed,  as  to  how  they  should  be  interpreted.    Even  the  best  and 
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moBt  careful  oonclnsions  reached  seem  to  be  occasionally  contradicted 
by  the  facts.  It  is  not  difficult  to  discover  and  count  the  minute 
animal  and  vegetable  organisms  which  exist  in  water,  but  as  yet  it  is- 
by  no  means  certain  always  which  of  those  are  and  which  are  not 
harmful.  Unfortunately  these  uncertainties  are  sometimes  made  the 
basis  for  belittliug  or  ignoring  the  warnings  of  such  analyses,  and 
frequently  at  the  expense  of  large  communities.  The  very  reverse 
course  would  aeem  to  be  the  wisest  and  most  sensible  one.  Our 
ignorance  in  these  matters  should  only  breed  the  greater  caution*  In 
the  absence  of  better  data^  we  may  perhaps  go  so  far  as  to  say  that  no 
source  of  supply  which  is  repulsive  to  the  natural  instincts  of  intelli- 
gent persons  should  be  toleiated.  The  senEcs  of  sight,  smell  and  taste 
should  always  be  exercised  for  our  protection  in  the  absence  of  other 
means,  and  only  the  most  thorough  and  conclusive  proof  that  such 
repulsive  waters  are  not  deleterious  should  be  sufficient  warrant  for 
continuing  their  use. 

In  all  cases  a  thorough  physical  examination  should  go  hand- in- 
hand  with  chemical  and  microscopic  tests.  The  latter  may  be  valu- 
able guides  as  to  the  character  of  the  water  and  the  proper  methods 
of  treatment  to  be  adopted,  but  they  can  never  take  the  place  of  the 
former.  If  there  are  vieible  sources  of  contamination,  or  even  well- 
grounded  suspicions  that  such  exist,  the  failure  of  chemical  analysis 
to  indicate  any  danger  should  scarcely  be  accepted  as  conclusive  as  to 
the  purity  of  the  supply ;  but,  on  the  other  hand,  if  such  analyses 
indicate  danger,  the  source  should  be  avoided,  unices  the  cause  of  con- 
tamination can  be  discovered  and  removed. 

Nothing  can  take  the  place  of  original  purity  of  the  source  of  sup- 
ply. Filtration,  aeration  and  all  known  methods  of  treatment,  when 
applied  to  purify  polluted  waters,  are  at  best  uncertain  in  action  when 
faithfully  carried  out,  but  doubly  so  under  conditions  which  obtain 
in  ordinary  operations.  Their  legitimate  province  is  not  purification 
of  contaminated  waters,  but  to  supplement  nature  when  her  work  has 
not  been  effectual.  Thus  the  waters  of  our  red  sandstone  streams 
often  carry  a  considerable  amount  of  disagreeable  sediment,  although 
they  are  otherwise  pure,  soft  and  wholesome.  Filtration  and  settle- 
ment will  do  much  to  improve  such  waters,  and  indeed  will  often 
render  them  thoroughly  desirable.  This  sediment  has  also  sometimes 
been  successfully  precipitated  by  the  use  of  alum,  but  this  treatment 
also  is  only  desirable  when  carefully  regulated.    Again,  many  streams 
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do  not  have  sufficient  fidl,  and  flow  in  smoothy  quiet  currents  through 
their  channels,  so  that  they  do  not  obtain  the  thorough  aeration  of 
our  Highland  streams,  which  boil  and  tumble  over  their  stony  beds. 
There  is  evidence  that  such  waters  may  be  substantially  improved  by 
artificial  aeration. 

Apart  from  the  above  considerations,  which  are  mainly  sanitary, 
hardness  sometimes  renders  waters  unfit  for  domestic  use,  and  some 
waters  may  even  be  so  extremely  hard  as  to  be  unhealthful,  but  as  a 
rule  this  is  not  the  case  with  New  Jersey  stream- waters.  Some  waters 
also  have  a  decidedly  oorrosive  action  on  steam-boilers  and  cooking 
utensils.  Some  of  the  southern  New  Jersey  waters  are  subject  to 
criticism  on  this  ground.  If  the  waters  are  otherwise  in  all  respects 
desirable,  however,  it  is  probable  that  means  could  be  found  to 
counteract  this  action.  It  is  a  matter  which  should  have  consider- 
ation in  the  choice  of  a  source  of  water-supply. 

In  almost  any  section  of  the  State  some  small  streams  may  be  found 
issuing  from  swamps  which  have  a  disagreeable  taste  and  odor,  and 
are  to  be  avoided.  This  peculiarity  is  one  easily  detected,  however, 
and  such  streams  are,  moreover,  quite  rare. 


CHEMICAL  ANALYSES. 

We  have  had  a  few  analyses  made  for  this  report,  and  to  these  we 
have  added  some  others  previously  made  by  the  Survey  and  some 
firom  other  sources.  The  purpose  is  to  give  a  general  idea  of  the 
chemical  composition  of  the  various  waters  of  the  State  in  their 
natural  condition,  and  no  attempt  has  been  made  to  make  such 
studies  as  would  indicate  the  presence  of  sewage  pollution  or  other 
artificial  contamination.  The  conditions  of  such  pollution  change  sa 
rapidly  that  such  studies  could  not  be  of  permanent  value  as  an  aid 
to  the  selection  of  a  proper  source  of  supply.  We  have  added,  for 
purposes  of  comparison,  a  few  analyses  of  waters  in  the  neighboriug 
States.  We  have  intended  that  this  exhibit  should,  on  the  whole, 
form  a  standard  of  purity  for  New  Jersey  stream-waters  better  than 
any  arbitrary  standard  which  may  be  set  up.  We  would  especially 
condemn  the  use  in  this  State  of  any  standards  which  have  been  set 
up  as  applicable  to  less  favored  portions  of  the  United  States^  as  a 
considerably  higher  standard  may  be  possible  here.    We  have  quoted^ 
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in  the  third  table,  however,  the  ebuidard  given  by  Dr.  Albert  B. 
Leeds,  of  Hoboken,  the  well-known  aathority  on  thu  sabjeot,  which 
tn*y  be  found  oonvenient  for  general  reference. 


AKALTBES  OF  STBEAH-WATEBB   H 


Parts 

in  100,000. 

h 

ii 

1 

II 

l3 

h 

II 

si 

'ii 

n 
11 

m 

11 

as 

18.9* 

13.83 
3.11 

1.27 
.17 

2.03 

.96 
.21 

9.17 
6.13 
3.01 
1.06 
.19 
1.70 
.86 
.39 
.21 

10.81 
7.47 
3.34 
1.66 
.06 
1.72 
.72 
.45 
.19 
.33 

8.05 
6.20 
2.8S 
1.10 
.10 
.94 
.34 

10.40 
4.3S 
6.04 
.94 
.39 
1.48 
.02 

6.71 
4.10 
2.61 
.29 
.15 
.45 
.29 
.27 
.17 

4.31 
2.06 
2.25 

.74 
.16 
.12 
.02 
.17 
M 

.17 

f 

12.12 
alk. 

4.10 
«ci<l. 

2.45 

acid. 

1.23 

acid. 

Reaotioa 

alk. 

alk. 

aeid. 

These  simples  all  lakeii  directlj  from  the  si 


WATER-SUPPLY. 


302      GBOJJOGICAL  SURVEY  OF  NEW  JEESBY. 


'mVliQ  JD  BJBilU|aQ 


■I88I  '^IT  '"°1<"0 


■0681  '»l«ni!'pf>n  BIT! 


'  -s^s^ 


Ijauo^  iv  samuiajij 


1 

1 

1 

s 

« 

s 

if 

1 

1 

s 

■< 

i 

1 

1 

nt 

1 

1 

1 

i 

p 

■? 

I 

1 

1 

1 

=3. 

■Sip- 


II 


E  a  S-n'P  ? 

-  o  s  ^j=  s  a.5.s  s  5- 


ai^-3    s^ 


■33ig-s|fi3 


WATER-SUPPLY. 


303 


eOKE  ANALYSES  OF  WATER  LARGELY  POLLUTED  COMPARED  WITH  THE  SAME 

STREAMS  UNPOLLUTED. 


Parts  per  100,000. 


August  3l8t,  1876. 
Passaic,  Jersey  City  Intake,  high  tide.. 
Passaic,  Jersey  City  Intake,  low  tide.. 
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August  21st,  1894. 
Passaic,  Jersey  City  Intake,  high  tide.. 
Passaic,  Jersey  City  Intake,  low  tide... 
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Note.— The  Passaic,  in  1876,  from  Geological  Survey  Report,  1876 ;  for  1894,  from 
presentment  of  Hudson  county  grand  jury,  and  at  Two  Bridges,  1883.  the  average 
of  the  two  analyses  from  Report  of  Commissioners  of  State  Water-Supply  previously 
j^ven,  this  water  being  unpolluted.  Delaware  and  Schuylkill  from  Dr.  Leeds*  report 
to  Water-Supply  Department  of  Philadelphia. 

In  the  first  tables  of  analyses,  we  have  included  only  waters  which 
are  not  seriously  pollnted,  and,  excepting  possibly  the  Elizabeth  and 
Rahway  rivers,  they  may  be  considered  pure  stream-waters.  The 
last  table  gives  waters  known  to  be  seriously  polluted,  and  is  given 
here  for  ready  comparison,  although  it  will  be  more  fully  referred  to 
a  little  later  when  we  consider  the  subject  of  stream  pollution. 

The  first  oolumn,  showing  total  solids,  is  not  of  great  practical 
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importaDoei  although  Dr.  Leeds  thinks  that  these  should  not  exceed 
20  parts  in  100^000.  The  volatile  organic  matter  represents  the  por- 
tion of  the  solid  matter  which  disappears  on  combustion  of  the  total 
solids.  It  is  a  general  measure  of  the  amount  of  organic  matter,  but 
not  all  of  this  is  necessarily  deleterious.  More  importance  is  to  be 
placed  upon  the  showing  of  ammonia  and  chlorine. 

Free  ammonia. — ^This  is,  usually,  mainly  a  product  of  the  decom- 
position of  organic  matter:  A  small  amount  is  normal  and  appears 
even  in  rain-water,  and  this  is  partly  drawn  from  the  air.  Any  con- 
siderable amount  of  free  ammonia  is  a  cause  to  suspect  contamina- 
tion. By  Dr.  Leeds'  standard,  it  should  not  exceed  0.012  parts  in 
100,000.  It  will  be  seen  that  the  Upper  Passaic,  at  Hanover,  and 
Elizabeth  river  exceed  this  in  the  analysis.  We  have  not  recom- 
mended either  of  these  sources  after  a  physical  examination,  bat 
paper  mills  may  be  the  cause  of  the  excess  on  the  Upper  Passaia 
In  our  table  of  polluted  waters,  it  will  be  seen  that  the  Passaic,  at 
Belleville,  shows  0.067  parts  of  free  ammonia  in  1894.  None  of  the 
analyses  of  the  Delaware  approach  the  limit,  but  the  Schuylkill  i» 
often  much  in  excess. 

Albuminoid  ammonia, — This  represents  animal  and  v^etable  mat- 
ters present  in  the  waters  and  in  process  of  decomposition,  by  which 
process  free  ammonia  is  produced,  consequently  it  is  more  to  be 
dreaded  than  the  latter,  as  at  certain  stages  of  decomposition  such 
matter  becomes  very  dangerous  to  health.  Dr.  Leeds'  limit  is  0.028,. 
which  is  exceeded  only  in  the  case  of  Elizabeth  river  and  some 
streams  which  we  know  to  be  seriously  polluted — the  Passaic,  at 
Belleville,  showing  0.063  and  the  Schuylkill  sometimes  as  high 
as  0.031. 

Chlorine. — This  is  not  only  an  accompaniment  of  sewage  pollution,, 
but  is  a  measure  of  the  amount  of  such  pollution,  although  not 
always  of  the  danger  to  be  apprehended  therefrom.  A  certain 
amount  is  normal,  and  in  order  to  make  the  determination  of  chlorine 
of  the  greatest  value  it  is  necessary  that  this  normal  amount  be  deter- 
mined. This  has  been  thoroughly  done  in  Massachusetts  by  the  State 
Board  of  Health,  and  is  shown  by  a  map  in  the  report  of  1890.  For 
the  western  half  of  that  State,  it  does  not  exceed  0.10,  and  eastward, 
to  within  about  25  miles  of  the  ocean,  increases  slowly  to  0.20,  but 
nearing  the  ocean,  it  increases  rapidly  to  about  0.66,  which  is  even 
exceeded  in  a  few  cases.    Dr.  Leeds  gives  the  maximum  allowable  at  one 
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part  in  1 00^000.  In  general,  our  streams  of  known  parity  do  not 
exceed  0.30|  and  there  is  no  increase  observable  in  southern  New 
Jersey  stream- waters  nearer  the  ocean.  In  fact,  all  southern  New 
Jersey  waters  seem  very  low  in  chlorine.  Studying  the  amount  of 
chlorine  shown  and  keeping  in  mind  what  we  know  of  the  principal 
sources  of  pollution  and  the  relative  populousnees  of  the  water-sheds, 
this  appears  to  indicate  closely  the  relative  purity  of  the  streams  of 
the  State. 

Of  the  polluted  waters,  the  Passaic  shows  about  5  parts  in  100,000 
at  Belleville.  The  very  large  amount  shown  at  high  tide  is  un- 
doubtedly due  to  sea  waters,  but  even  at  low  tide  it  is  seen  to  be  much 
more  than  is  admissible.  It  is  also  interesting  to  observe  that  the 
unpolluted  Passaic  at  Two  Bridges  shows  only  0.4  part  of  chlorine. 
It  may  be  well  to  state  here  that  the  comparison  of  these  three  sets  of 
analyses  of  the  Passaic  seems  to  be  perfectly  fair,  as  they  are  all  at 
abont  the  same  time  of  the  year,  and  all  made  daring  a  low  stage  of 
the  river.  The  figures  given  at  Two  Bridges  are  the  average  of  the 
Pompton  and  the  Upper  Passaic,  two  streams  of  about  equal  size, 
which  meet  here  to  form  the  Passaic.  The  Schuylkill  shows  an 
average  of  0.623,  and  a  maximum  of  one  part  chlorine,  and  we  may 
remark,  with  respect  to  the  Schuylkill,  that  it  is  fairest  to  compare 
the  maximum  figures  with  the  figures  for  the  Passaic,  which  are 
probably  about  a  maximum.  It  is  interesting  also  to  note  the  steady 
increase  in  the  amount  of  chlorine  in  the  waters  of  the  Delaware  as 
we  descend  the  stream. 

We  cannot  do  better,  in  this  connection,  than  to  quote  the  remarks 
of  Dr.  Leeds  as  to  chlorine  in  the  Philadelphia  report : 

'*  Every  increment  of  sewage  to  the  waters  of  a  flowiog  stream  is 
represented  by  a  permanent  increase  in  the  percentage  of  chlorine. 
On  the  other  hand,  such  increments  may  not  be  represented  by  a  per- 
manent increase  in  the  organic  constituentfi,  the  lat'er  being  repre- 
sented in  the  analyses  by  the  ammonia,  nitrogen  acids  and  oxidizable 
organic  substances.  Instead  of  an  increase,  the  factors  reprpsenting 
the  organic  constituents  may  actually  diminish  in  amount.  They  in- 
crease when  the  processes  of  natural  oxidization  in  a  flowing  stream 
are  inadequate  to  cope  with  the  burden  of  sewage,  whilst  they 
diminish  (even  though  the  absolute  quantity  of  sewage  added  is  very 
large)  when  the  reverse  is  the  case.  But  in  either  event,  the  per- 
centage of  chlorine  goes  on  steadily  increasing.'^  (Report  of  the 
Chief  Engineer  of  the  Philadelphia  Water  Department,  1886,  page 

386.) 

20 
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It  is  apparent,  therefore,  that  the  presence  of  chlorine  in  more  than 
normal  amoant  is  sufficient  cause  for  the  rejection  of  a  water  in  case 
the  source  of  pollution  cannot  be  removed,  if  we  do  not  care  to  take 
the  chances  of  trusting  to  oxidization  and  purification  of  streams  thus 
polluted. 

Nitrates  and  nitrUes. — Pollution  by  sewage  being  practically  the 
addition  of  nitn^en  compounds  to  the  water,  the  process  of  porifioa- 
tion  of  this  water  consists  of  the  oxidization  of  these  compounds,  and 
when  this  process  is  completed  they  become  nitrates.  Nitrites  indi- 
cate that  this  work  of  purification  is  in  progress  but  is  not  complete, 
consequently  their  presence  is  a  more  serious  matter  than  that  of 
nitrates. 

Sulphuric  acid. — This  is  not  particularly  injurious,  but  its  presence 
is  a  matter  of  interest  to  the  users  of  steam-boilers  if  it  is  in  any 
considerable  amount. 

Lime  and  magnesia. — If  these  are  present  to  an  amount  exceeding 
4  parts  in  100,000  the  water  is  hard,  but  if  less  than  this  it  is  con- 
sidered a  soft  water.  In  some  instances  our  analyses  show  the  hard- 
ness of  the  waters.  The  only  cases  among  the  pure  stream-waters 
where  the  hardness  seems  to  be  appreciable  are  the  Pequest  and 
Rahway.  The  Highland  streams  are  all  remarkably  soft  waters, 
and  those  of  southern  New  Jersey  are  apparently  as  soft  as  rain- 
water. 

Those  who  wish  to  study  the  subject  of  chemical  analyses  of  stream- 
waters  and  the  results  of  some  of  the  latest  and  best  work  therein, 
cannot  do  better  than  consult  the  labors  of  Prof.  T.  M.  Drown,  io 
the  Reports  of  the  State  Board  of  Health  of  Massachusetts,  to  which 
we  acknowledge  indebtedness. 

STREAM   POLLUTION. 

While  most  of  our  Highland  streams,  those  of  the  Kittatinny  val- 
ley, the  Delaware  above  Trenton  and  the  streams  of  the  Tertiary 
plain,  are  as  yet  unpolluted,  it  is  evident  that  many  of  them  are  now 
threatened  with  sewage  pollution,  and  they  will  not  long  remain  in 
their  present  purity  unless  the  small  towns  along  their  courses  are 
restrained  from  using  them  as  an  outlet  for  sewage.  In  the  High- 
lands, we  have  the  following  places  which  are  at  present  most  to  be 
feared :  On  the  Ramapo,  Sufiern  and  Tuxedo  Park,  in  New  York. 
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The  latter  already  has  a  small  sewer  emptTing  into  the  stream.  On 
the  Peqaannooky  Bloomingdale  and  Bailer  together  form,  praotically, 
ihe  only  threatening  center.  On  the  Bockaway,  Boonton  may  be 
disr^arded,  as  any  supply  from  that  stream  should  be,  and  readily 
•could  be,  drawn  off  aboye  this  place,  but  aboye  this  we  haye  Bock- 
away  village  and  Doyer,  the  latter  of  which,  at  least,  is  contem- 
plating sewerage.  Port  Oram  and  Hibemia  are  both  mining  towns 
•and  are  not  increasing  in  population.  While  they  should  not  be 
ignored,  they  do  not  threaten  serious  pollution.  On  the  Upper 
Passaic  and  Whippany,  we  have  Morristown,  Madison,  Chatham  and 
Summit,  all  of  which  are  growing  quite  rapidly,  and  these,  with 
Boonton,  threaten  the  Passaic  above  Paterson.  On  the  Musconet- 
<x)ng,  Hackettstown  has  a  water-supply,  and  it  is  probable  that  some 
trouble  will  be  caused  from  sewage  in  the  future.  Kittatinny  valley 
streams  are  threatened  by  Washington,  Belvidere  and  Newton,  but 
not  to  any  serious  extent  at  present. 

While  at  present  the  Delaware  above  Trenton  appears  to  be  a 
wholesome  and  safe  source  of  supply,  the  fact  must  not  be  disregarded 
that  on  the  portion  of  the  river  below  Easton  and  on  the  Lehigh 
there  is  a  large  city  and  town  population  supplied  with  water,  and 
while  not  many  of  these  places  are  at  present  sewered,  there  is  little 
doubt  that  they  will  be  in  the  near  future.  The  following  table  gives 
the  population  and  the  amount  of  water  supplied  to  these  towns. 
Although  we  do  not  wish  to  be  understood  as  measuring  the  danger 
from  pollution  directly  by  the  amount  of  such  pollution,  the  proportion 
of  sewage  to  the  whole  flow  of  a  stream  is  nevertheless  strongly  sug- 
gestive and  helpful,  especially  if  we  remember  that  this  dry-season 
flow  does  not  increase,  while  the  amount  of  sewage  increases,  as  a 
rule,  more  rapidly  than  the  increase  of  population,  which,  for  the 
towns  we  are  considering,  is  about  30  per  cent,  in  each  decade.  The 
average  flow  at  Trenton  during  the  driest  month  is  880,000,000  gal- 
lons daily,  so  that  the  proportion  of  sewage  of  these  towns,  measured 
by  the  water-supply  of  1890,  to  the  whole  flow  of  the  Delaware 
during  the  driest  month,  is  about  one  part  in  90.  It  is  apparent,  from 
the  table,  that  the  worst  pollution  on  the  Delaware  above  Trenton  is 
at  the  month  of  the  Lehigh.  On  account  of  the  numerous  rapids, 
conditions  are  favorable  to  oxidization  and  purification,  and  the  river 
must  gradually  improve  below  this  point,  as  the  additional  amount  of 
sewage  received  is  insignificant.    Above  Easton,  the  Delaware  is,  and 
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promises  to  be  for  some  years^  all  that  can  be  desired  for  purity. 
The  popalation  of  the  water-shed  above  Lambertville  is  69  per 
sqaare  mile  and  above  the  Water  Gap  it  is  but  32  per  square  mile. 
The  Lehigh  alone  has  a  population  of  120  per  sqaare  mile. 


TOWNS  ON   THE   DELAWARE   ABOVE  TRENTON   WHICH   THREATEN   FOLLUTIOH. 

Population,  Water-Supplj. 

1890.  G&llons  Dally.  IML* 

Lambertville,  N.  J 4,142  600,000 

Hackettstown,  N.  J 2,417  100,000 

Washington,  N.  J 2,834  100,000 

Phillipsburg,  N.  J 8,644  300,000 

Easton,  Pa 14,481  1,600,000 

South  Eafcton,  Pa. 6,616  40,000 

Bethlehem,  Pa 6,762  660,000 

South  Bethlehem,  Pa 10,302)  700000 

West  Bethlehem,  Pa 2,759^  '     ' 

Allentown,  Pa 26,228  2,400,000 

Catasauqua,  Pa 3,'04  60,000 

Slatington,  Pa. 2,716  324,000 

Lehighton,  Pa 2,969  200,000  (est> 

Mauch  Chunk  and  East  Mauch  Chunk,  Pa 6,873  490,000 

Hazelton  (part  of),  Pa 8,000  360,000 

Total,  Lower  Delaware  and  Lehigh 107,437  7,704,000 

Belvidere,  N.  J 1,768  200,000 

Stroudbburgh  and  East  Stroudsburgh,  Pa 4,238  6,000 

Milford,  Pa 793  60,000  (est 

Port  Jervis,  N.  Y 9,327  1,200,000 

Honesdale,  Pa 2,816  100,000 

Deposit,  N.  Y 1,530  300,000 

Delhi,  N.  Y ],564  100,000  (est.) 

Total,  Delaware  above  Easton 22,036  1,966,000 

Total,  Delaware  above  Trenton 129,473  9,670,000 

On  the  Delaware  below  Trenton  oonditions  are  much  more  serious. 
Trenton  is  now  being  sewered,  and  measuring  the  sewage  by  the 
average  amount  of  water  supplied  during  1893  it  will  amount  to 
5,610,000  gallons  daily,  and  the  population  is  increasing  at  the  rate 
of  60  per  cent,  every  ten  years.  The  flow  of  the  river  during  the 
driest  month  at  this  place  is  880,000,000  gallons  daily,  so  that,  disre- 
garding the  sewage  received  above,  which  may  be  considered  as  all 
oxidized  at  this  point,  the  Trenton  sewage  will  amount  to  1  part  in 
167,  or  at  the  very  lowest  stage  of  the  river  1  part  in  120. 

*  Prom  the  Manual  of  American  Water- Works. 
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lodadiog  all  towns  from  Trenton  down  to  the  mouth  of  the 
Sohaylkill^  and  thoee  on  the  Schaylkill  ap  as  far  as  Norristown,  we 
ind  a  dty  population  of  1,240,000  by  the  oensus  of  1890,  which  is 
ncreasing  at  the  rate  of  oyer  25  per  cent,  in  10  years,  and  the  vol- 
ime  of  sewage,  measured  by  the  water-supply  in  1893,  is  not  less 
han  200,000,000  gallons  daily,  while  the  average  flow  of  the  river 
luring  the  driest  month  is  not  over  1,283,000,000  gallons  daily, 
rhe  sewage  is  therefore  about  1  part  in  6.  It  is  apparent  that  the 
sondition  of  the  water  above  Philadelphia,  in  the  Delaware,  will  be 
nuch  worse  during  the  flood  than  it  is  during  the  ebb  tide.  It  would 
ilso  seem  that  in  a  deep  channel  such  as  this,  with  a  smooth,  quiet 
mrrent,  the  opportunities  for  oxidization  must  be  limited.  The 
>re6ervation  of  this  lower  portion  of  the  Delaware  in  a  sufficiently 
>are  condition  to  serve  as  a  safe  source  of  water-supply  would  appear 
o  be  hopeless.  As  in  the  ca9e  of  the  Lower  Passaic,  little  more  can 
)e  hoped  for  than  to  reduce  the  pollution  below  the  point  where  it 
vill  render  the  stream  a  nuisance  to  the  surrounding  district.  It 
ihould  ba  remarked  that  the  condition  of  the  Delaware  is  now  much 
^orse  than  it  was  10  years  ago,  when  the  analyses  were  made  which 
we  quote  in  our  table. 

The  streams  of  the  red  sandstone  plain  northeast  of  the  Raritan 
ire  also  for  the  most  part  becoming  rapidly  contaminated.  The 
i^orst  case  is  that  of  the  Passaic  below  Paterson.  In  our  table  of 
malyses  of  polluted  streams  we  gave  results  for  1876  and  1894,  both 
A  August,  at  Belleville ;  and  also  for  the  unpolluted  stream  at  Two 
Bridges  early  in  September,  1883.  As  these  were  all  times  of  low 
p^ter  the  comparison  is  a  fair  one,  and  taking  the  average  for  high 
ind  low  tide  in  1876  and  in  1894  the  effect  of  increasing  pollution  is 
ipparent.  The  total  solids  appear  to  be  about  the  same,  but  the 
latter  analyses  show  a  larger  proportion  of  volatile  organic  matter. 
Even  at  low  tide  the  total  solids  exceed  those  at  Two  Bridges  by  60 
per  cent.  Between  the  two  dates  the  river  at  Belleville  shows  an 
enormous  increase  in  both  free  and  albuminoid  ammonia.  The 
ohlorine  appears  to  be  about  the  same,  but  it  is  probable  that  this 
indicates  a  larger  proportion  of  unoxidized  sewage  only,  and  that  the 
river  has  reached  its  limit  of  capacity  to  purify  itself.  It  is  quite 
evident  that  the  danger  of  using  this  water  is  now  many  times  greater 
than  when  it  was  first  condemned  in  the  reports  of  the  Survey,  in 
1876.     It  is  interesting,  in  this  connection,  to  show  the  population 
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and  extent  of  the  district  from  which  this  pollution  oomes.  This  ia 
done  in  the  following  table^  which  shows  further  the  percentage  of 
increase  in  popalation  and  the  total  yolume  of  sewage  as  measiued  by 
the  figures  of  water  supplied  during  the  last  year : 


SOURCES  OF  POLLUTION  OF  THE  LOWER  PASSAIC. 


Area  in 
Square 

Town.  Miles. 

Newark 21.00 

East  Orange 3.90 

Bloomfield 6.73 

Orange 2.14 

Montclair 6.18 

Belleville 2.93 

Franklin 3.49 

Passaic 3.24 

Acquackanonk 11.34 

Paterson 8.47 

Harrison 1.31 

Kearny 10.28 


81.01 


Population, 
1890. 

181,830 

13,282 
7,708 

18,844 
8,666 
3,487 
2,007 

13,028 
2,562 

73,347 
8,338 
7,064 

340,153 


Per  cent 
Increase, 
1880-1890. 

33 

59) 

35/ 

43 

69 

16 

25 

99 

47 

54 


42 


Water  Snp- 
pUed— Million 
Gallons  Dally.. 

21.100,000 
1,500,000 

1,500,000 
200,000 


1,400,000 

13,000,000 
600,000 
196,500 

39,496,500 


It  will  be  seen  that  this  district  has  an  average  population  of  4^200 
per  square  mile,  and  that  it  ooyers  an  extent  of  81  square  miles^ 
mostly  between  Passaic  river  and  the  crest  of  Orange  mountain.  It  is 
not  only  nearly  all  sewered,  but  the  slopes  are  steep  and  every  facility 
is  offered  for  surface  drainage  to  the  streams.  As  the  average  flow  of 
the  river  during  the  driest  month  is  120,500,000  gallons  daily,  the 
above  sewage  represents  one-third  of  the  whole  flow,  which  is  truly 
an  alarming  condition.  Even  if  we  exclude  Newark  entirely,  it  will 
be  seen  that  pollution  amounts  to  about  one  part  in  six.  Further- 
more, it  often  happens  in  an  extremely  dry  period  that  the  whole 
flow  of  the  river  is  retained  in  the  ponds  above  Paterson  for  a  period 
of  thirty- six  hours,  which  greatly  aggravates  the  conditions  in  the 
lower  channel.  It  will  be  seen  that  the  conditions  are  quite  bad 
enough  to  account  for  the  results  indicated  by  the  analysis  of  1894^ 
and  that  any  attempt  to  preserve  the  purity  of  the  Passaic  below  the 
falls  in  a  sufficient  measure  to  render  it  a  safe  source  of  water-supply 
will  be  a  vain  one.  Indeed,  it  will  be  found  necessary  in  the  near 
future  to  conduct  as  much  as  possible  of  this  sewage  to  Newark  bay^ 
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thus  relieying  the  river  ohannely  as  a  measure  of  health  to  this  popu- 
lous bordering  district. 

It  may  be  laid  down  as  a  rule  that,  especially  in  the  red  sandstone 
district,  but  generally  everywhere  in  the  State,  the  preservation  of 
any  water-supply  drawn  from  the  tidal  portion  of  our  rivers  will  be 
an  impossibility. 

All  of  the  red  sandstone  streams  are  in  more  or  less  danger  of  con- 
tamination, but  the  streams  of  the  Tertiary  plain  are  not  only 
naturally  protected  from  serious  pollution,  but  there  are  very  few 
centers  of  population  above  the  head  of  tide  to  be  guarded  against. 

While  it  may  not  be  wise  to  attempt  to  redeem  these  wholly-pol- 
luted streams,  there  is  abundant  necessity  that  steps  should  be  taken 
to  guard  the  choice  gathering- grounds  of  our  Highlands.  These  are 
pre-eminently  the  sources  to  which  we  must  look  for  the  future 
water-supply  of  the  State,  and  the  time  when  they  will  all  be  needed 
is  apparently  not  half  a  century  distant.  Indeed,  they  are  already 
coming  rapidly  into  use,  and  to  allow  them  to  be  contaminated  from 
the  threatening  sources  which  we  have  called  attention  to  will  be 
nnpardonably  short-sighted. 

VALUE  OF  ELEVATION  OF  THE  80UBCB8  OF  SUPPLY. 

If  the  source  of  a  water-supply  lies  high  enough  to  deliver  the 
water  to  a  city  by  gravity  a  very  material  saving  is  effected,  amount- 
ing to  the  cost  of  pumping.  This  varies  with  the  duty  of  the 
pumps,  the  cost  of  coal  and  with  the  amount  pumped,  being  less  for 
large  than  for  small  plants.  The  city  of  Philadelphia  pumps  all  its 
large  supply  and  keeps  careful  records  of  the  cost  of  operation,  which 
will  give  us  a  good  idea  of  the  average  cost  for  recent  years  for  large 
plants.  From  1887  to  1893,  the  average  cost  of  pumping  by  steam- 
power  amounted  to  $3.89  for  each  million  gallons  raised  100  feet. 
For  greater  lifts  the  cost  will  be  proportional.  This  cost  includes 
labor,  fuel,  supplies  and  repairs,  but  nothing  for  depreciation,  interest 
on  cost  of  plant  or  taxes.  The  average  quantity  raised  during  these 
seven  years  ranges  from  60,000,000  to  160,000,000  gallons  daily.  A 
portion  of  this  supply  was  also  pumped  by  water-power,  and  for  this 
the  average  cost  was  $1.21  for  1,000,000  gallons  raised  100  feet. 
The  total  cost  of  pumping  for  1893  was  about  1(366,000.  Jersey 
City,  in  1891,  expended  1(149,466.48  for  wages,  fuel,  supplies  and 
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repairs  in  pampiDg  the  supply  of  that  city  from  the  Passaic.  Appar- 
ently the  cost  here  was  not  less  than  $9  per  1 ,000,000  gallons  raised 
100  feet,  although  we  have  not  the  exact  figures.  The  amount 
pumped  was  about  2 1 ,000,000  gallons  daily.  During  five  years,  or 
from  1889  to  1893^  the  average  cost  of  pumping  at  the  New  Bruns- 
wick water  works  has  been  $iA6  for  1,000^000  gallons  raised  100 
feet,  69  per  cent,  of  the  water  being  pumped  by  water-power  and  31 
per  cent,  by  steam-power.  The  quantity  pumped  ranged  from  an 
average  of  1,250,000  to  1,500,000  gallons  daily  for  each  year. 

In  general,  it  is  probably  safe  to  assume  that  the  cost  of  operation 
of  a  steam  pumping  plant  will  not  be  less  than  $5.50  for  each 
1,000,000  gallons  raised  100  feet  with  good  modem  machinery  and  at 
the  average  cost  of  coal  during  the  last  five  years.  The  actual  cost 
of  pumping  throughout  the  State  is  very  considerably  in  excess  of  this. 

We  may  assume  that  the  water  will  be  required  to  be  raised  a 
height  of  200  feet,  including  friction  in  the  mains.  It  will  therefore 
cost  for  a  pumped  supply  about  |(11  for  each  1,000,000  gallons  con- 
sumed, or  1(4,020  per  annum  for  each  1,000,000  gallons  daily.  O  Jier 
things  being  equal,  this  will  be  the  value  of  a  supply  by  gravity  over 
one  which  must  be  pumped. 

HIGHLAND   WATER-8HED8  THE  STATE  GATHERIXG  GROUNDS. 

The  results  of  our  studies  will  be  seen  to  be  that  the  Highland 
water- sheds  are  the  best  in  the  State  in  respect  to  ease  of  collection, 
both  because  of  facilities  for  storage  and  a  smaller  amount  required 
for  a  given  yield ;  in  geological  and  topographical  features  favorable 
to  purity ;  in  scantiness  of  population,  which  in  general  shows  a 
tendency  to  decrease;  in  elevation,  sufficient  to  afibrd  a  gravity 
delivery,  and  in  actual  softness  and  purity,  as  shown  by  the  results 
of  the  chemical  analyses.  We  cannot  too  strongly  enforce  the 
remarkable  excellence  of  these  gathering-grounds  and  their  peculiarly 
favorable  location  close  to  the  great  urban  population  of  our  north- 
eastern counties.  In  addition  to  the  advantages  already  enumerated, 
these  water-sheds  lie  at  sufficient  elevation  to  furnish  water  to  the 
remotest  town  of  the  State  without  pumping.  The  following  table 
shows  the  water- sheds  included  in  this  district,  the  elevation  at  which 
the  waters  may  be  drawn  off,  their  area  in  square  miles  and  their 
supplying  capacity  with  storage : 
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HIGHLAND  WATER-SHEDS  ABOVE  300  FEET  ELEVATION. 

Drainage.  Supplying  Capacity. 

Streams.                             Elevation.  Square  Miles.  Gallons  Daily. 

Kamapo 300  134.5  89,600,000 

Wanaqoe 300  87  68,000,000 

Peqoannock 370  82  64,700,000 

Rockawaj 480  118  78,700,000 

Upper  Passaic 300  9  6,000,000 

Raritan,  North  Branch 400  17  11,300,000 

Lamington 600  31.4  21,000,000 

Rockaway  creek 400  12.5  8,300,000 

Raritan,  South  Branch 600  55.5  37,000,000 

Musconetcong 400  122.4  81,600,000 

669.3  446,200,000 


In  this  table  we  have  given  the  proper  elevation  for  a  good  practi- 
<al  development  of  the  whole  water-shed  in  each  case^  being  nowhere 
lees  than  300  feet  and  higher  where  no  considerable  loes  in  the  area 
of  the  gathering-ground  would  result  by  such  increase.  All  of  the 
Passaic  headwaters  may  be  drawn  off  at  300  feet  or  higher^  and 
thoee  of  the  Raritan  and  the  Musconetcong  at  400  feet  or  higher. 
By  a  proper  system  of  development ,  these  available  gathering  grounds 
could  be  made  to  supply  every  city  in  the  State  by  gravity  with  all 
the  water  needed  during  the  next  half  century,  if  we  estimate  the 
fatnre  increase  in  demand  to  be  proportional  to  the  increase  of  popu- 
lation during  the  past  twenty  years. 

The  land  included  in  this  area  is,  as  a  rule,  more  available  for 
forest  culture  than  for  agriculture.  The  percentage  of  cultivated 
land  is  small,  and  a  large  portion  can  never  be  tilled.  In  fact,  there 
is  no  tendency  to  increase  the  amount  of  cleared  land,  and  in  the  past 
-a  considerable  amount  of  such  land  has  been  allowed  to  again  grow 
«p  in  forest.  We  have  seen  that  the  streams  are  at  present  entirely 
unpolluted,  but  are  beginning  to  be  threatened. 

When  the  above  supply  shall  be  exceeded,  our  cities  will  be  com- 
j>elled  to  look  to  the  Delaware,  but  the  ease  with  which  the  Highland 
district  may  be  guarded  from  pollution,  as  compared  with  the  Dela- 
ware, which  lies  in  three  States,  is  very  marked. 

OWNERSHIP  OB  CONTBOL  OF  SMALL   WATEB  SHEDS. 

We  have  already  called  attention  to  cases  in  which  it  may  be 
desirable  for  communities  to  own  outright,  or  otherwise  thoroughly 
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control^  the  gatheriDg-grounds  of  their  water-sapply.  The  large 
number  of  commanities  in  the  northeastern  part  of  the  State^  and  in 
general  those  apon  the  red  sandstone  and  clay  and  marl  regions,  will 
find  this  coarse  often  not  only  the  most  secure,  but  the  most  eoonom- 
ical.  The  average  distance  from  the  populous  northeastern  section  to 
the  unpolluted  and  comparatively  nnthreatened  water-sheds  of  the 
Highlands  may  be  taken  to  be  20  miles.  Even  if  they  go  to  this 
distance,  they  have  at  present  no  assurance  that  their  supplies  will 
remain  uncontaminated.  Let  us  assume  a  community  wishing  to 
provide  for  a  future  population  of  20,000.  We  have  seen  that,  with 
storage,  streams  of  the  red  sandstone  district  and  southern  New 
Jersey  will  easily  yield  12  inches  annually,  or  670,928  gallons  daily 
for  each  square  mile  of  water- shed.  The  average  demand  of  such  a 
community  as  we  have  assumed  is  at  present  60  gallons  per  capita 
daily,  and  this  would  appear  to  be  sufficient  for  ordinary  use  in 
inland  towns,  so  one  square  mile  will  furnish  water  to  9,500  persons. 
In  other  words,  for  each  1,000  of  population  67.4  acres  will  be  neces- 
sary, and  our  community  of  20,000  population  would  require  1,348 
acres  to  be  purchased  to  secure  the  entire  control  of  their  gathering- 
grounds.  If  we  assume  this  to  cost  |(100  per  acre,  the  total  would  be 
1(134,800.  To  bring  this  water  from  a  distance  not  less  than  12- inch 
mains  would  be  needed,  which  would  cost,  exclusive  of  the  right  of 
way,  about  $6,500  per  mile,  or  $130,000  for  our  assumed  distance  of 
20  miles.  When  we  come  to  add  to  this  the  cost  of  right  of  way,  it 
will  be  seen  that  a  saving  of  20  miles  in  distance  will  very  much 
more  than  pay  for  the  purchase  of  the  gathering- grounds  near  at 
hand.  It  would  not  even  always  be  necessary  to  purchase  the  entire 
area.  The  end  would  be  accomplished  by  securing  the  portion  along 
the  streams  and  keeping  the  same  in  forest  or  grass.  In  this  way  not 
more  than  one- half  the  above  cost  would  be  necessary,  or  the  same 
outlay  might  be  applied  to  control  a  larger  supply  to  allow  for  future 
increase. 

In  some  cases  such  areas  might  be  utilized  for  parks,  or  there 
might  even  be  an  income  derived  from  them  by  leasing  as  game  pre- 
serves, or  for  forest  culture  or  other  uses  not  inconsistent  with  the 
preservation  of  purity  of  the  supply.  There  are  many  areas  within 
the  red  sandstone  region  which  would,  if  treated  in  this  way,  yield  a 
highly- desirable  supply  of  water  entirely  free  from  the  characteristic 
red  mud,  which  is  largely  the  result  of  the  exposure  of  bare  or  culti- 
vated surfaces.     There  is  no  other  plan  of  obtaining  a  supply  which 
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ofFers  the  satne  eecnrity  as  thia  from  fatare  poUation.  Many  amall, 
gravelly  water-sbedB  ia  the  day  and  marl  diatrict  are  equally  well 
adapted  to  each  treatment,  and  it  offers  a  solution  of  a  problem  which 
for  oar  smaller  oommnnities  threatens  to  become  a  perplexing  one  a» 
popalatioo  increases,  and  they  are  forced  to  abandon  tbdr  near-by 
sources  cf  sopply. 
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DAILY  CONSUMPTION  BY  WATEB-6HED6. 

GftUODS. 

Hackensack  Water-shed 6,900,000 

Passaic  Water-shed  above  Paterson 84,910,000 

Passaic  Water-shed  below  Paterson 28,100,000 

Delaware  above  Trenton 6,110,464 

Delaware  below  Trenton 11,100,000 

WORKS  IN  FB00BE3S  OB  PROPOSED,  ETC. 


TOWN. 


Boonton 

Newton 

Glassboro 

Hightstown 

Olajton 

Biverside 

Egg  Harbor  Citj. 

Deckertown 

Pemberton 

Point  Pleasant.... 

Sea  Isle  City 

Westwood 


Total 


SOURCE. 


Stony  brook. 
Morris  pond. 


a 
o 


§- 

£ 


4,500 

8,003 

*2,000 

1,875 

1,807 

*1,800 

1,439 

900 

834 

800 

766 

500 


20,224 


REMARKS. 


Under  construction. 

Under  construction. 

Proposed. 

Proposed. 

Proposed. 

Under  construction. 

Contract  giveo. 

Proposed. 

In  progress. 

Propo^. 

Proposed. 

Franchise  g^nted. 


•  Estimated. 


The  above  tables  are  prepared  from  answers  to  inquiries  directed 
to  the  proper  authorities  in  each  case^  and  are  quite  complete.  In  a 
few  cases,  where  no  response  was  received,  the  consumption  was  esti- 
mated from  the  reports  in  the  Manual  of  American  Water  Works, 
compiled  by  the  "  Engineering  News."  There  is  at  best  a  wide  range 
in  the  accuracy  with  which  records  of  water-supply  are  kept,  ranging 
from  none  at  all  to  the  most  accurate  statistics. 

In  1882  this  Survey  made  a  similar  canvass,  the  results  of  which 
were  published  in  the  report  for  that  year.  From  this  and  the  above 
table  we  have  compiled  the  table  following,  which  shows  the  growth 
of  the  public  water-supply  of  the  State  for  twelve  years.  We  have 
estimated  the  population  supplied  in  each  case  from  census  returns 
and  the  rate  of  increase  shown  thereby,  and  the  result  is  probably 
fairly  close  to  the  truth.  This  table  enables  us  to  examine  the 
changes  which  have  taken  place  in  this  interval,  which  has  been  one 
of  the  greatest  activity  in  the  introduction  of  public  water-supplies : 
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Total 

587,860 

48,923,406     83 

1,114,403  107,840.36lj     97 

■Inclodea  Boboken  knd  Haokenauk  onl;. 
tiDcludes  Chkiqlwnbun.  uioeied  latei. 
:  A  police  eanaoi  In  18M  glT«  lO.m. 

tlDclndlngoQlrlboulD  whlcli  the  me  of  valer  hu  become  general,  and  excluding  iiuimieT 
and  winter  leaone  and  Dooertain  retnnu. 

l^ere  is  an  inonased  per  capita  conaamption  for  all  towns  ezoept- 
ing  Jersey  City  and  the  Hoboken  groap.  In  the  case  of  Jersey  City 
there  is  a  ase  of  aboat  6,000,000  gallons  daily  by  large  indoBtrial 
cetablishmeots,  which  has  probably  not  increased  nearly  so  fast  as  the 
increase  in  popalation  dnring  this  period.  This  will  partly  aocoant 
for  the  decrease  per  capita,  probably.  In  the  case  of  the  Hoboken 
group  of  towns  sapplied  by  the  Hackensaok  Water  Company,  Be- 
organized,  the  oomparieon  for  the  two  periods  is  made  between 
Hoboken  and  Hackensaok  only  in  1882,  and  the  same  places,  with  a 
namber  of  smaller  residence  towns  at  the  present  date,  and  ibe 
€maller  oonsomption  of  these  placet  most  be  allowed  for.  It  is  not 
nnlikely  that  the  same  caoses  whiob  we  have  mentioned  in  the  case 
of  Jersey  City  operate  here  also.  A  new  gravity  supply  greatly 
eaperior  in  quality  to  the  old  one  has  been  introdaced  in  Kewark 
recently,  and  has  twen  attended  by  a  rapid  increase  in  per  capita  oon- 
comptioD.    Taking  all  other  towns  together,  we  find  that  the  increase 
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in  per  capita  supply  averages  close  to  33  per  cent  during  this  period ,. 
ranging  from  10  per  cent,  in  Elizabeth  to  48  per  cent,  in  CamdeD. 
The  causes  of  this  increase  are  partly  a  much  more  general  use  of 
water^  or^  in  other  words,  a  larger  number  of  water- takers  in  the  total 
population,  and  also  to  an  increased  use  due  to  sanitary  appliances 
and  sanitary  measures.  In  some  cases  there  is  little  doubt  that  the 
amount  used  is  unnecessarily  large,  and  could  be  reduced  if  necessary.. 
In  general,  the  per  capita  consumption  increases  with  the  size  of  the 
city.  There  are  probably  few  places  of  their  size  in  the  United 
States  where  the  consumption  is  larger  than  that  shown  above  for 
Paterson  and  Camden.  The  per  capita  consumption  in  1891  in  New 
York  City  was  about  96;  in  Philadelphia  160  and  in  Chicago  160, 
according  to  an  estimate  made  by  '^  Engineering  News.^'  It  will  be 
noticed  that  the  figures  for  New  York  are  close  to  those  shown  by 
Newark,  and  to  the  average  for  the  whole  State. 

The  last  group  in  the  table  classed  ''All  Other  Towns  "  have  not  a 
normal  supply,  or  the  supply  does  not  bear  a  normal  ratio  to  the 
population.  Several  of  these  are  not  fully  supplied.  For  some  the 
returns  are  considered  doubtful,  and  still  others  are  summer  and 
winter  resorts  where  the  average  number  of  people  actually  supplied 
is  largely  in  excess  of  the  resident  population  shown  by  the  census. 

Trenton  was  first  supplied  in  1783;  Morristown  in  1799 ;  Newark 
about  1800;  Burlington  in  1804,  and  Mount  Holly  in  1846.  These 
five  places  appear  to  be  the  only  ones  supplied  with  water  up  to  1850» 
From  1851  to  1860  water  was  introduced  in  Jersey  City,  Camden, 
Elizabeth,  Hoboken,  Paterson,  Bordentown  and  Hackettstown  in  the 
order  given,  making  in  all  12  places  supplied  in  1860.  From  1861 
to  1870  only  New  Brunswick,  Flemington  and  Millville  were  added, 
making  15  in  all,  while  in  1882  thirty-one  places  were  supplied,  and 
in  1894  the  total  has  risen  to  81.  It  will  be  seen  that  at  present  there 
are  very  few  places  with  a  population  of  1,000  that  are  not  supplifid 
with  water. 

ESTIMATED   FUTURE  CONSUMPTION. 

The  urban  population  of  the  State  is  increasing  at  the  rate  of  40 
per  cent,  in  each  decade.  It  is,  of  course,  impossible  to  say  how  long 
this  rate  of  increase  will  be  maintained,  but  it  seems  quite  probable 
that  it  will  not  be  very  considerably  less  for  several  decades  to  come. 
As  the  present  per  capita  consumption  would  seem  to  be  ample  for 
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the  real  needs  of  the  people,  we  may  estimate  the  increaee  in  the  total 
daily  oonsamption  to  be  at  the  above  rate  also,  or  40  per  oent.  in  each 
decade.  This  gives  the  following  estimate  of  water  needed  to  supply 
the  State  daring  the  next  60  years : 

Popalation  Supplied.       Gallons  Daily. 

1894 1,114,403  107,840,361 

1904 1,560,000  151,000,000 

1914 2,180,000  211,000,000 

1924 3,050,000  296,000,000 

1934 4,270,000  414,000.000 

1944 5,980,000  580,000,000 


WATER-POWER. 

We  have  already  shown,  by  means  of  oar  observations  on  the  Bari- 
tan,  Passaic,  &c.,  that  our  estimates  in  the  tables  of  horse-power 
available  daring  9  months  of  the  ordinary  dry  year,  are,  in  reality, 
available  on  an  average  9  months  in  12  thronghoat  long  periods 
covered  by  oar  gaagings,  and  we  may  safely  assame  that  this  is  the 
real  valae  of  oar  assumed  available  horse-power.  Daring  these  9 
months  in  each  year  the  power  will,  as  a  rale,  be  always  available. 
This,  it  is  to  be  understood,  is  the  gross  horse-power.  The  efficiency 
of  the  best  wheels  in  ase  is  about  80  per  cent,  under  experimental 
conditions,  but  with  the  conditions  that  obtain  in  actual  operation, 
even  with  the  best  modern  wheels  thoroughly  well  set,  75  per  cent, 
of  the  gross  horse-power  will  be  all  that  can  be  realized  as  net  horse- 
power, and  it  will  be  more  conservative  to  consider  70  per  cent,  as 
the  amount  really  effective.  The  economy  of  the  use  of  water- 
power  is  to  be  measured  by  the  cost  of  producing  one  horse-power  by 
steam.  This,  of  course,  varies  with  the  price  of  fuel  and  the  effi- 
ciency of  the  engines  and  boilers.  With  coal  at  $3  per  ton  on  the 
ground  at  the  boilers.  Dr.  Charles  E.  Emery  estimates  the  cost  of 
operating  expenses  per  horse-power,  including  repairs,  supplies,  fuel 
and  labor  annually  at  the  rate  shown  in  the  following  table.  The 
first  column  gives  the  operating  expenses  per  year,  as  above  explainedi 
and  the  second  column  the  entire  capital  necessary  to  set  up  the  plant 
and  maintain  one  horse-power  per  annum,  estimating  interest  at  the 
rate  of  6  per  cent. : 

21 
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COOT  OF  ONE  NET  HORSE-POWER  PER  TEAR  OF  310  DAYS  OF  10  HOURS  EACH. 

Cost  of  One  Hone-Power 

in  Wages,  Fael,  Repairs,  Capital  Neceautfy  to  Maintain 

Total  Horse-Power                 Supplies.  Insurance  One  Hone-Power  at  5  per 

in  Use.                                   and  Taxes.  cent  Interest. 

75  $37.65  $891.52 

100  36.27  856.74 

150  32.25  764.67 

200  29.80  708.79 

For  coDtiDuoas  power^  the  cost  of  operation  will  be  almost  exactly 
twice  the  above. 

It  will  be  seen  that  the  cost  varies  with  the  size  of  the  plant,  and 
this  is  found  to  be  true  in  general  practice.  A  very  large  power 
plant  is  that  ased  for  pumping  water  at  the  city  of  Philadelphia,  and 
the  following  figures  have  been  computed  from  the  records  of  the 
Philadelphia  Water  Department  from  1887  to  1893,  inclusive,  and 
give  the  actual  yearly  cost  of  producing  one  continuous  horse-power 
under  conditions  extremely  favorable  to  a  low  cost.  This  indudes 
labor,  fuel,  supplies  and  repairs  for  one  net  horse-power  per  annum : 

Cost  of  steam-power $78  53 

Cost  of  water-power 24  47 

Saved  per  horse-power  by  water-power $54  06 

It  is  safe  to  say  that,  excepting  by  an  improbable  decrease  in  the 
cost  of  coal,  there  are  very  few  cases  in  which  the  cost  of  one  horse- 
power will  be  less  than  that  shown  by  the  above  figures.  In  fact,  it 
is  known  to  be  considerably  greater  at  most  of  our  establishments 
using  steam-power.  It  is,  perhaps,  unwise  to  multiply  figures,  and 
it  will  suffice  and  be  measurably  accurate  and  certainly  conservative 
if  we  assume  that  the  cost  of  producing  one  net  horse-power  per 
annum  will  be  at  least  $50  less  by  water-power  than  by  steam-power 
for  continuous  power  day  and  night,  and  for  working  hours  annually 
at  ten  hours  daily  we  shall  not  be  far  out  of  the  way  if  we  assume 
the  saving  at  $25  per  net  horse-power,  not  including  interest  on  the 
cost  of  plant,  depreciation,  taxes  or  insurance,  which  may,  for  our 
present  purposes,  be  assumed  to  be  equal  in  both  cases. 

The  cost  of  installing  a  steam  plant  with  all  appurtenances  may  be 
taken  to  range  from  $80  to  $90  per  net  horse-power  for  plants  of 
from  100  to  200  horse-power.     If  we  capitalize  the  above  saving  of 
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operatiDg  ezpenaeB  at  6  per  oent.  per  annam,  and  add  the  cost  of 
the  plant,  the  average  capitalized  value  of  one  oontinnoos  horse- 
power may  be  taken  to  be  $920  if  measured  by  the  cost  of  steam- 
power,  consequently,  other  things  being  equal,  we  may  lay  out  in 
developing  water-power  $920  per  net  horse-power;  or,  estimating 
ilie  e£Sciency  at  70  per  cent,  $644  for  each  gross  horse-power  of  con- 
tinuous power  before  water-power  will  cost  as  much  as  steam-power. 
It  will  often  be  possible  to  develop  for  much  less  than  this  even 
when  only  the  minimum  power  of  the  stream  is  taken  into  account, 
and  the  surplus  power  during  the  wetter  months  of  the  year,  if  it  can 
be  profitably  used,  will  be  su£Scient  to  give  a  good  profit  on  the  out- 
lay. There  are  so  many  determining  factors  in  the  problem,  how- 
ever, that  it  is  impossible  to  lay  down  any  general  rule  as  to  the  com- 
parative economy  of  the  use  of  water-power.  Some  industries  can 
profitably  use  power  which  is  available  only  six  months  in  the  year, 
and  they  are  usually  those  employing  a  large  amount  of  power  in 
proportion  to  the  number  of  the  operatives,  such  as  paper  and  flouring 
mills.  By  taking  advantage  of  favorable  conditions,  there  is  no  doubt 
that  there  is  still  a  field  for  the  development  of  water-power  in  the 
State,  and  this  field  promises  to  be  enlarged  with  the  introduction  of 
electric  transmission,  which  will  give  more  latitude  in  the  location  of 
establbhments  using  water-power,  thus  doing  away  with  one  of  its 
occasional  disadvantages. 

In  view  of  the  above  facts,  therefore,  all  of  the  figures  which  we 
give  are  to  be  r^arded  rather  as  illustrations  than  as  actual  measure- 
ments of  what  may  be  profitably  expended  in  developing  water-power 
or  of  its  actual  value  as  applied  to  specific  cases.  As  our  estimated 
available  power  is  for  only  nine  months  of  the  year,  if  it  becomes 
necessary  to  furnish  auxiliary  steam-power,  a  less  sum  can  be  ex- 
pended profitably  in  the  development  of  the  water-power  plant.  If 
we  assume  an  average  cost  of  $90  per  net  horse-power  to  cover  the 
installation  of  a  steam  plant,  and  $78  per  annum  as  the  operating 
expenses  of  steam-power,  and  $25  per  annum  for  water-power,  the 
outlay  admissible  in  developing  a  water-power  plant  before  it  becomes 
as  expensive  as  steam-power  will  be  about  as  follows  for  100  net 
horse-power  under  the  difierent  conditions  assumed.  From  this  it 
appears  that  the  outlay  may  be  from  $66,260  to  $97,333,  and,  in  the 
second  case,  which  is  a  fair  average  assumption,  $86,617.    As  there 
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are  very  manjr  opportunities  to  develop  this  amount  of  power  fo 
much  less  than  this  outlay^  the  resulting  saving  must  be  weighed  agai 
any  possible  disadvantages  of  location^  larger  capital  needed^  &c. : 


ADMISSIBLE     OUTLAY     IN      DEYELOPINO     ONE     HUNDRED     NET     HOBSE-POWER 
WATER-POWER  BEFORE  IT    BECOMES  AS  EXPENSIVE  AS  STEAM-POWER,  AND 
OPERATING  EXPENSES  OF    THE  SAME  UNDER  DIFFERENT    DB&REE8 

OF  PERMANENCE  OF  WATER-POWER. 

Plant  with  steam-power  only. 

Cost  of  plant $9,000 

Interest  on  same  at  6  per  cent $540 

Operating  expenses  at  $78  per  horse-power 7,800 

Total  cost,  exclusive  of  depreciation $8,840 

Plant  with  water-power  only. 

Admissible  cost  of  plant $97,833 

Interest  on  same  at  6  per  cent $5,840 

Operating  expenses  at  $25  per  horse-power. 2,500 

Total  cost,  exclosive  of  depreciation $8,340 

Plant  with  water-power  9  months,  and  auxiliary  steam-power  3  months,  averag^Ki^ 
20  horse-power  with  a  maximum  of  70  horse-power  for  use  in  the  driest  moiiB  '^, 
being  the  usual  conditions  on  New  Jersey  streams. 

Admissible  cost  of  water-plant $86,617 

Cost  of  70  horse-power  steam  plant 6,300 

Total  cost  of  plant $92,917 

Interest  on  same  at  6  percent $5,575 

Operating  expenses,  20  horse-power,  steam,  3  months,  at  $78 

per  annum 390 

Opera' ipg  expenses,  100  horse-power,  water,  9  months,  at  $26 

per  annum i 1,875 

Operating  expenses,  80  horse-power,  water,  3  months,  at  $25 

per  annum 50O 

Total  annual  cost,  exclusive  of  depreciation. $8,340 

Plant  with  water-power  9  months  and  steam-power  3  months. 

Admissible  cost  of  water  plant $66,250 

Cost  of  steam  plant 9,000 

Total $75,250 

Interest  on  same  at  6  per  cent .'. $4,515 

Operating  expenses,  100  horse-power,  water,  9  months 1,875 

Operating  expenses,  100  horse-power,  steam,  3  months 1,950 

Total  cost  of  operating,  exclusive  of  depreciation $8,340 
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BBNTAL  VALUE  OP  WATER-POWER. 

Perhaps  no  better  standard  of  that  value  exists  than  the  figures  of 
ital  per  horse-power  given  in  the  oensus  report  on  water-power, 
80,  for  the  leading  water- powers  of  the  United  States.  The  fol- 
ding list  is  extracted  relating  to  powers  in  this  section  of  the 
mtry : 

turner's  falls,  MASSACHUSETTS. 
Oonnedictil  River.     Tiimer'tf  Falh  dimpany,  Owner. 

Available  power  equals  17,600  theoretical  horse-power  in  low  water  of  ordinarilj 
'  years,  night  and  daj. 

Rates  for  Power. — Usual  rate  has  been  $7.50  per  annum  per  horse-power  (not  fur- 
r  specified),  but  there  is  no  established  rate  for  the  future. 


BELLOWS   FALLS,  VERMONT. 

Omneeticut  River.    Bellovs  Falls  Canal  Company^  Oimer. 

i.vailable  power  equals  12,000  theoretical  horse-power  in  low  water  of  ordinarily 

'  years,  night  and  day. 

^e^  for  Power. — Nominal  rate,  $7.50  per  annum  per  horse-power  (not  further 

cified). 


UNIONVILLE,   CONNECTICUT. 

Fanningfon  River.     Union  Water- Povrr  Company ^  Ovner. 

Available  power  equals  860  theoretical  horse-power  in  low  water  of  ordinarily  dry 
j-s,  night  and  day. 

'iatesfar  Power. — Perpetual  lease  at  $175  per  mill-power  per  annum,  a  mill-power 
Qg  7^  cubic  feet  per  second  under  a  head  of  18  feet,  or  15.34  theoretical  horse- 
rer — ^that  is,  the  price  is  $11.35  per  theoretical  horse-power  per  annum. 


OCCUM,  CONNECTICUT. 

Shetucket  River.     NorwicJi  Waier-Pouer  Cumjxiny,  Ovmer. 

Available  power  equals  290  theoretical  horse-power  in  low  water  of  ordinarily  dry 

J8,  night  and  day. 

8o/«r  for  Power. — Twenty  dollars    per    annum    per    horse-power    (not    further 

dfied). 


326      GEOLOGICAL  SURVEY  OF  NEW  JEEWEY. 

BABRirrT'S  JUNCTION,  MAfiSACHUSETTB. 

Svcifi  River.    Barretts  Junction  Waier-Power  Oompany,  Oumer. 

Available  power  equals  200  theoretical  horse-power  in  low  water  of  ordinarily  dry 
years,  night  and  day. 

BaUB/or  Power, — Nine  dollars  per  annum  per  horse-power  (not  farther  specified  )^< 


BIBMINOHAM,  CONNECTICUT. 

Hoiisatonic  River,     Ooaatonic  Water  Oompany^  Owner, 

Available  power  equals  1,375  theoretical  horse-power  in  low-water  of  ordinaril 
dry  years,  night  and  day. 

Rates  for  Power. — Power  leased  for  99  years,  per  square  foot.    Permanent 
$20  per  annum  per  theoretical  horse-power ;  second  surplus^  $8  per  annum  per  th 
retical  horse-power.    Company  does  not  guarantee  power  in  any  case. 


ANSONIA,  CONNBCTICUT. 

Xaugatuek  River,    Ansonia  Land  and  Water-Power  Company,  Owner, 

Available  Power, — Total  effective  (rated)   power  of  wheels  in  use,  1,600   hoi 
power. 

Rates  for  Power. — Water  leased  by  the  square  foot,  under  a  head  of  30  inches,  esti — 
mated  to  produce  30  theoretical  horse-power.  Permanent  water,  $600  per  annum  pe^^ 
square  foot ;  surplus  watery  $250  to  $500  per  annum  per  square  foot  ($20  per  annunc^ 
per  horse-power). 


COHOES,  NEW   YORK. 

Mohawk  River.     The  Cohoes  Company,  Owner. 

Available  power  equals  9,450  theoretical  horse-power  in  low  water  in  ordinaril^^ 
dry  years,  night  and  day. 

Rates  for  Power. — Perpetual  lease  of  land  and  power  with  reserved  rent  amountin 
to  $14.67  per  annum  per  theoretical  horse-power. 


LOCKPORT,  NEW   YORK. 

Erie  Canal.    Lockport  Hydraulic  Company,  Owner, 

Available  power  equals  2,590  to  3,238  theoretical  horse-power. 
Rates  for  Power, — Perpetual   lease  or  absolute  purchase.    Price,  from  $8.33  t 
$11.11  per  annum  per  theoretical  horse-power. 
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PASSAIC,  NEW  JERSEY. 

Passaic  River,    Dundee  Water-Power  and  Land  Companyy  Owner, 

Available  power  equals  about  800  theoretical  horse-power  in  low  seasons  of  ordi- 
narily dry  years,  night  and  day. 

Boies  for  Power, — About  ^3.33  per  annum  per  gross  or  theoretical  horse-power, 
for  12  hours  a  day. 


PATERSON,  NEW   JERSEY. 

Passaic  River.    Society  for  Establishing  Useful  Manvfaetuns^  Owner, 

Available  power  equals  about  2,150  theoretical  horse-power  in  low  season  of  ordi- 
narily dry  years,  night  and  day. 

Boies  for  Power. — Seven  hundred  and  fifty  dollars  per  annum  per  square  foot  of 
orifice,  under'a  head  of  2.75  feet  to  center,  equivalent  to  about  $36  per  annum  per 
theoretical  or  gross  horse-power. 


RARITAN,  NEW   JERSEY. 

Rariian  River.    Raritan  Water, Power  Company,  Owner, 

Available  power  equals  216  theoretical  horse-power  in  low  season  of  ordinarily 
dry  years,  night  and  day. 

Bates  for  Power, — Nominal  price,  $300  to  $400  per  annum  per  square  foot  of 
orifice,  under  a  head  of  30  inches  to  center  of  orifice. 


TRENTON,  NEW   JERSEY. 

Delaware  River,     Trenton  Water-Power  Company,  Owner. 

Available  power  equals  3,000  to  4,500  theoretical  horse-power  in  low  seasons  of 
ordinarily  dry  years,  night  and  day. 

Rates  for  Power, — Three  and  four  dollars  per  square  inch,  under  a  head  of  3  feet; 
equivalent  to  about  $37.50  and  $50  per  annum  per  theoretical  horse-power. 


FREDERICKSBURG,  VIRGINIA. 

Rapahannock  River,    Fredericksburg  Water-Power  Company,  Owner, 

Available  power  equals  3,000  to  4,500  theoretical  horse-power  in  low  season  oi 
ordinarily  dry  years,  night  and  day. 
Botes  for  Potrer.— From  $5  to  $15  per  horse-power  (not  further  specified). 
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MANCHESTER,  VIRGINIA. 

James  River.     City  of  Manehesterj  Oumer, 

Available  power  cannot  be  stated. 

Rates  far  Power— Fifty-year  leases  at  $4  per  annum  per  square  inch  of  orifice^ 
under  a  head  of  3  feet ;  corresponding,  theoretically,  to  between  $29.60  and  $42.10 
per  annum  per  theoretical  horse-power,  according  as  the  fall  is  22  or  14  feet 


We  find  from  the  above  that  the  highest  rentals  are  obtained  in 
own  State^  and  that  these  range  from  about  $30  to  $50  per  annom 
per  gross  or  theoretical  horse-power.    Thirty  dollars  would  be  a  con 
servative  rental  value  for  the  more  populous  portions  of  the  Statey^ 
and  there  are  very  few  places  where  it  would  be  less  than  $20 
annum  with  the  excellent  transportation  facilities  which  now 
everywhere. 

COMPARATIVE    ECX)NOMY    OP    STORAGE    RESERVOIRS    AND 

AUXILIARY    STEAM-POWER. 

Water  has  often  been  stored  in  order  to  maintain  the  flow  of  & 
stream  during  the  dry  season  for  water-power  purposes.  We  may 
obtain  an  approximate  idea  of  the  economy  of  this  from  the  following 
figures.  Let  us  take,  for  example,  Table  No.  53,  on  page  157.  We 
find  that  we  can  obtain  for  9  months  from  1  square  mile  .044  gross 
horse-power  for  each  foot  of  fall,  or  at  70  per  cent,  efficiency  .031 
horse-power  for  each  square  mile  of  water-shed.  In  order  to  main- 
tain this  throughout  the  driest  period,  we  shall  need  1.14  inches  of 
storage,  or  1 9,800,000  gallons.  For  one  net  horse-power,  therefore, 
we  shall  need  640,000,000  gallons,  and  at  $170  per  1,000,000  gallons 
(being  Mr.  J.  J.  R.  Croes'  estimate  of  the  average  cost  of  storage  on 
the  Croton  water-shed,  which  is,  however,  a  high  allowance  for 
storage  for  water-supply  purposes),  this  would  cost  $108,800.  To 
provide  auxiliary  steam-power  and  operate  the  same  for  three  months 
it  will  cost,  capitalized  at  6  per  cent.,  $415  per  net  horse-power.  It 
is  therefore  evident  that  storage  at  these  figures  would  not  be  as 
economical  as  auxiliary  steam-power  until  the  fall  was  262  feet. 
Probably  with  a  less  fall  than  100  feet  it  will  rarely  be  as  economical 
to  store  water  as  to  provide  an  auxiliary  steam  plant,  even  under  the 
most  favorable  circumstances. 

It  is  evident  that  water-power  requires  a  larger  original  outlay 


WATER-SUPPLY.  329 

than  steam-power^  and  there  is  no  doubt  that  the  necessity  for  larger 
capital  frequently  militates  against  its  employment,  even  when  econ- 
omy of  operation  is  undoubtedly  in  its  favor. 

Peter  Hasenolever,  of  the  London  Company,  has  the  credit  of 
inaugurating  the  practice  of  utilizing  the  Highland  lakes  for  storage 
for  water-power  which  prevailed  so  generally  during  the  progress  of 
early  iron  manufacturing  in  the  State.  We  find  the  following  curious 
reference  to  this  in  the  report  of  a  commission  sent  out  from  England 
in  1768: 

'^  He  is  the  first  person  we  know  who  has  so  greatly  improved  the 
use  of  the  great  natural  ponds  of  this  country,  as  by  damming  them 
to  secure  reservoirs  of  water  for  the  use  of  the  iron  works  in  Uie  dry 
season,  without  which  the  best  streams  are  liable  to  fail  in  the  great 
droughts  we  are  subject  to." 

This  is  one  of  the  many  references  which  we  have  found  indicating 
that  the  ''great  droughts''  were  as  troublesome  during  the  last  as 
they  have  been  during  the  present  century. 


EVAPORATION— GROUND-STORAGE  EFFECTS  OF 

VEGETATION. 

THE  LAWS  WHICH  GOVEBN  EVAPORATION. 

We  gave,  at  the  beginning  of  our  report,  certain  experimental 
measures  of  evaporation.  It  will  be  noticed  that  we  have  made 
rather  sparing  use  of  these,  although  they  have  been  valuable  guides 
in  making  up  our  evaporation  formula.  We  have  concluded,  from 
the  results  of  these  studies,  that  as  a  rule  it  is  impossible  to  even 
approximate  in  experience  the  conditions  which  exist  on  a  large  scale 
in  nature.  We  believe,  therefore,  that  there  is  only  one  way  to 
obtain  an  accurate  estimate  of  the  water  evaporated  and  consumed 
by  v^etation  under  the  conditions  which  obtain  in  nature,  and  that 
is  by  careful  gaugings  of  streams  with  known  drainage  area,  accom- 
panied by  rainfall  measurements  and  temperature  observations.  This 
is  conducting  our  evaporation  experiments  on  a  larger  scale,  and 
nnder  conditions  which  can  be  obtained  in  no  other  way.  Inasmuch 
as  our  evaporation  formulae  are  obtained  from  the  results  of  the  best 
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measurementB  of  this  kind  which  are  available^  they  should  give  m 
valuable  knowledge  of  evaporation  as  it  actually  exists  within  the 
State,  although  we  do  not  claim  for  these  empirical  formulse  absolute 
accuracy. 

Our  estimates  of  evaporation  for  the  average,  the  ordinary  dry  and 
the  driest  year,  for  various  parts  of  the  State,  are  given  in  Table 
No.  46  (page  114  d  seq.)  These  include,  under  the  term  '' Evapor- 
ation," direct  evaporation  by  the  atmosphere,  and  also  the  water  con- 
sumed by  vegetation,  a  large  part  of  which  is  also  thrown  off  eventu- 
ally to  the  atmosphere.  Our  studies  appear  to  indicate  the  primary 
and  overpowering  influence  of  temperature  upon  the  amount  of  water 
evaporated.  In  this  our  results  conflict  with  a  rule  that  has  been 
much  followed,  of  considering  the  evaporation  to  vary  with  the 
topography  of  the  country,  for  this  is  the  real  meaning  of  the  esti- 
mates which  make  the  available  run- off  of  streams  vary  from  80  or 
90  per  cent,  of  rainfall  on  steep  mountain  slopes  to  40  per  cent,  on 
flat,  cultivated  lands  and  prairies.  We  shall  now  endeavor  to  further 
illustrate  and  elucidate  our  reasons  for  subordinating  the  effects  of 
flatness,  marshiness,  cultivation,  &c.,  to  the  more  potent  effect  of 
temperature. 

The  following  table  is  prepared  from  data  quoted  by  M.  Becquerel, 
from  Schubler,  in  his  admirable  paper  on  the  effect  of  forests  upon 
climate,  stream- flow,  &c.,  a  translation  of  which  is  given  in  the  report 
upon  forestry  made  in  1878  to  the  United  States  Minister  of  Agri- 
culture by  F.  B.  Hough.  It  may  be  said  here  that  this  paper 
admirably  digests  and  draws  all  the  legitimate  conclusions  possible 
from  experimental  data  obtained  under  the  usual  conditions,  and  we 
prefer  to  refer  the  reader  to  this  and  other  parts  of  Mr.  Hough^s 
report  rather  than  quote  extensively  from  experiments  upon  evapor- 
ation from  soil  in  forests  and  in  open  country,  and  similar  observa- 
tions which  we  do  not  believe  are  applicable  to  our  problem : 
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CAPACITY    FOR    ABSORPTION    AND    YIELDING    UP    OP    WATER    POSSESSED    BY 

VARIOUS  SOrLS, 

Water  Absorbed     Percentage  of  Parts  of  Water  io 

by  100  Parts  of  Water   Evapo-     100  Parts  of  Soil 

Soil  after  Drying  rated  in  4  Hours     Evaporated  in 
at  40<'  or  S(t°.  at  56.7°  F.  4  Hours. 

Silicioos  sand 25  88  22 

Gypseous  soil 27  

Calcareous  sand 29  75.9  22 

Barren  clay 40  52  21 

Fertile  clay 50  45.7  23 

Loamy  clay  (or  clayey  soil)....  60  34.9  21 

Pure  clay ...  70  

Fine  calcareous  soil 85  28.6  24 

Humus 190  20.2  38 

Magnesian  soil 156  

Garden  soil 89  

This  table  shows  that  the  capacity  of  different  soils  for  absorption 
is  almost  inversely  as  their  capacity  for  giving  ap  water  to  evapora- 
tion,  and  we  have  brought  out  by  the  third  column  a  curious  fact 
that  the  ratio  of  the  water  evaporated  in  a  given  time  to  the  whole 
volume  of  soil  is  very  nearly  a  constant  one^  averaging  22  per  cent, 
excepting  in  the  ease  of  humus^  where  it  is  38  per  cent,  but  it  must 
be  remembered  that  this  is  based  upon  the  dry  soils,  whereas  the  vol- 
ume of  humus  when  wet  is  considerably  greater.  We  shall  have 
more  to  say  later  as  to  the  part  played  by  this  humus  in  the  effect  of 
forests  upon  the  flow  of  streams.  The  lesson  which  we  wish  to 
enforce  from  this  table  at  present  is,  that  from  all  these  different 
kinds  of  soil,  the  actual  amount  of  water  evaporated  in  a  given  time 
is  very  nearly  the  same.  It  may  be  inferred  that  the  kind  of  soil 
has  much  less  to  do  with  the  amount  of  evaporation  than  has  the 
temperature. 

It  will  be  seen  that  our  evaporation  formulse  are,  in  every  case^ 
made  up  of  a  constant  and  a  variable  term,  the  variable  being  a  pro- 
portion of  the  rainfall.  The  reason  for  this  is  explained  by  the  differ- 
ence between  evaporation  from  water  and  that  from  land.  This  is 
probably,  in  our  latitude,  at  least,  about  the  same  as  the  difference 
between  the  average  of  Mr.  Fitzgerald's  table  of  evaporation  from 
water  and  our  evaporation  for  the  average  year  on  the  Passaic  water- 
shed, the  latter  being  the  result  of  actual  observations  of  the  differ- 
ence between  rainfall  and  total  run- off  on  the  Sudbury,  Croton  and 
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Passaic.  This  gives  us  39.6  inches  per  aDnam  from  water,  against 
22.7  inches  from  land,  the  latter  being  about  67  per  cent  of  the 
former.  This  relation  varies,  however,  for  different  seasons,  the 
above  figures  being  yearly  averages.  Oar  evaporation  increases  or 
decreases  slightly  with  the  rainfall,  therefore,  because  of  a  more 
rapid  evaporation  when  the  ground  is  full  of  water,  and  particularly 
when  the  surface  is  actually  wet.  In  excessive,  heavy  rainfall,  the 
water  may  actually  stand  on  the  surface  in  shallow  pools,  which  has 
still  more  effect  in  quickening  evaporation. 

We  have  not  the  means  at  hand  by  which  to  accurately  separate 
the  demands  of  evaporation  proper  from  those  of  vegetation,  and  we 
doubt  if  there  can  be  any  such  accurate  apportionment,  as  we  must 
remember  that  the  exhalation  of  moisture  by  the  plants  goes  to  help 
satisfy  the  demands  of  a  dry  atmosphere,  consequently  if  there  were 
no  vegetation  it  is  not  improbable  that  the  evaporation  from  the  bare 
earth  alone  would  equal  the  combined  draught  of  vegetation  and 
evaporation  shown  by  our  table. 

If  we  remember  that  from  November  to  April  the  demands  of 
vegetation  are  practically  nothing  upon  the  Passaic  water  shed,  this 
may  be  taken  as  a  measure  of  the  evaporation  from  earth  under  a 
temperature  equal  to  the  average  of  these  six  months.  From  the 
table  on  page  117  we  find  tlie  total  evaporation  for  these  months  dur- 
ing the  average  year  is  4.91  inches,  or  2.45  inches  for  each  three 
months,  the  mean  temperature  daring  this  period  being  36.7  degrees. 
We  may  estimate,  therefore,  the  proportionate  evaporation  for  each 
season  of  the  year,  exclusive  of  the  demands  of  vegetation,  to  be  2.45 
inches,  increasing  5  per  cent,  for  each  degree  the  temperature  is  above 
35.7  degrees,  and  decreaeiog  at  the  same  rate  for  lower  temperature. 
In  this  way  we  have  computed  the  first  column  of  evaporation  in  the 
following  table.  The  next  column  is  that  of  the  average  year  on  the 
Passaic  water- shed,  including  the  demands  of  vegetation,  and  the  last 
column,  showing  the  difference  between  these  two,  gives  the  probable 
demands  of  vegetation  alone  on  this  assumption.  We  see  that  the 
total  amounts  to  about  6  inches  per  annum,  and  taking  the  growing 
season  only,  which  may  be  regarded  as  including  the  months  from 
May  to  August,  it  is  5.44  inches,  or  at  the  rate  of  1.36  per  month : 
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Computed  Evaporation  for  Probable 

Temperature—    Evaporation  Average  Year,  Demand«of 

Degrees        from  Earth—  Including  Vegeta-  Vegetation 

Fahrenheit          Inches.  tion— Inches.  Alone— Inches. 

Winter 29.5                 1.69  2.05  .36 

Spring 47.2                 3.86  4.51  .65 

Summer 70.2                 6.68  11.47  4.79 

Autnmn 51.9                 4.44  4.67  .23 


Year 49.7  16.67  22.70  '  6.03 

In  oar  aDalysis  of  loDg- series  gaagings,  we  show  by  Table  No.  29 
that  evaporation  on  the  Sudbury,  Croton  and  Passaic  water-sheds  is 
always  the  same  for  a  given  rainfall,  these  three  water-sheds  having 
about  the  same  mean  temperature.  If  we  remember  that  the  area 
not  in  forest  is,  in  each  case,  under  about  the  same  kind  of  cnltiva- 
tion,  including  the  usual  farm  crops,  with  a  considerable  percentage 
of  pasture  lands — on  the  whole,  not  unlike  the  distribution  given  in 
Table  No.  19  for  Sussex  county — the  percentage  of  forest  on  each  of 
these  water-sheds  becomes  a  guide  to  the  character  of  the  vegetation. 
We  have^  on  the  Sudbury,  about  14  per  cent,  of  forest,  on  the 
Croton,  about  30  per  cent,  and  on  the  Passaic,  44  per  cent.  It 
appears,  therefore,  that  this  range  of  from  14  to  44  per  cent,  in  the 
amount  of  forest,  with  the  attendant  difference  in  other  vegetation, 
has  no  effect  whatever  upon  the  evaporation,  so  far  as  our  gaugings 
indicate.  In  respect  to  topography,  steepness  of  slopes,  marshiness, 
&0.,  there  is  no  very  great  difference  upon  these  water*  sheds.  The 
average  amount  of  forest  for  the  three  is  about  40  per  cent.  Nesham- 
iny  creek,  in  Pennsylvania,  has  a  flatter  water- sh^  and  entirely  dif- 
ferent soil  and  only  7  per  cent,  in  forest,  the  remaining  93  per  cent, 
being  under  a  much  higher  state  of  cultivation,  the  distribution 
resembling  more  closely  that  of  Table  No.  18  for  Somerset  county. 
The  mean  temperature  is  two  degrees  in  excess  of  that  of  the  Croton, 
Passaic  and  Sudbury,  and  the  corresponding  excess  of  evaporation 
would  be  10  per  cent.  On  pages  92  and  93  will  be  found  the  com- 
puted and  observed  flow  of  the  stream  during  two  years,  based  on 
this  increased  evaporation,  and  the  agreement  is  seen  to  be  close.  If 
we  did  not  know  from  other  cases  that  this  increase  was  due  to  tem- 
perature, it  might  be  ascribed  to  the  higher  cultivation  and  the  less 
proportion  of  forest.  The  Perkiomen  has  about  25  per  cent,  of  its 
drainage  area  in  forest.  Owing  to  a  lack  of  temperature  data,  we 
have  ascribed  to  this  water- shed  in  our  estimates  the  same  mean  tem- 
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peratare  as  the  Neshaminj,  bat  its  average  elevation  is  aboat  200  feet 
higher^  and  from  this  and  its  more  westward  location  we  shoald  be 
inclined  to  expect  that  the  mean  temperature  was  really  about  one 
d^ree  less.  We  find  in  oar  comparison  of  flow^  compated  on  the 
assumption  that  the  mean  temperature  is  the  same  as  that  of  the 
Neshaminjy  a  general  excess  of  about  10  per  cent  of  observed  flow 
over  computed.  The  above-mentioned  correction  of  mean  tempera- 
ture would  account  for  one-half  of  this  difference.  The  remainder 
may  possibly  be  due  to  the  larger  extent  of  forest,  but  this  is  rather 
a  possibility  than  a  probability.  The  Connecticut^  with  53  per  cent 
of  forest,  shows  a  decrease  of  evaporation,  which  is  also  fully 
accounted  for  by  the  difference  in  mean  temperature,  so  that  from  the 
comparatively  flat  and  highly-cultivated  Neshaminy  water-shed  to 
the  mountainous  and  forested,  or,  at  least,  much  less  highly-oaltivated 
water-shed  of  the  Connecticut,  the  difference  in  mean  temperature  is 
entirely  adequate  to  account  for  the  difference  in  evaporation,  and  we 
believe  there  are  few  careful  students  of  the  subject  who  will  not 
prefer  the  difference  in  temperature  to  the  difference  in  v^etation  or 
topography  as  a  reason  for  the  decreased  evaporation. 

Turning  now  to  our  own  State,  we  have  made  comparisons  in 
Tables  Noe.  47  to  50  of  the  evaporation  computed  by  our  formula, 
based  on  the  Passaic,  Croton  and  Sudbury  gaugings,  and  the  mean 
temperature  and  the  evaporation  actually  observed  by  our  gaugings. 
We  find  that  the  Highland  streams,  excepting  the  Ramapo,  show 
from  5  to  15  per  cent.  less  evaporation  than  the  Passaic,  Croton  and 
Sudbury,  whereas  the  difference  in  mean  temperature  of  this  whole 
district  would  call  for  11.5  per  cent,  less  evaporation.  Not  only  is 
the  general  agreement  entirely  satisfactory,  but  the  range  is  fully 
accounted  for  by  the  differing  mean  elevation  of  the  water-sheds  and 
the  attendant  difference  in  temperature.  In  fact,  we  may  go  so  far 
as  to  say  that  the  gaugings  actually  indicate  the  mean  temperature  of 
the  water-sheds  more  closely  than  we  can  obtain  it  from  the  available 
temperature  observations.  The  Raritan  gaugings  show  a  mean  excess 
of  4.3  per  cent,  of  evaporation  over  that  of  the  Passaic,  while  the 
exact  difference  of  mean  temperature  is  0.9  d^rees,  equivalent  to  a 
difference  of  4.5  per  cent,  in  evaporation.  The  Hackensack  gaugings 
show  an  average  excess  of  3.8  per  cent.,  and  while  we  have  assumed 
the  mean  temperature  to  be  the  same  as  the  Raritan  for  convenience, 
as  a  matter  of  fact  it  is  highly  probable  that  even  this  slight  decrease 
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xom  the  figures  for  the  Baritan  ooald  be  aoooanted  for  by  a  slightly 
lower  temperatare.  The  Haokensaok  and  the  BaritaQ,  therefore, 
respond  equally  well  to  the  difference  in  mean  temperature,  althoagh 
the  former  has  60  per  oent.  in  forest  avd  a  considerable  extent  of 
oiarsh  land,  and  the  remainder  is  not  under  a  very  high  state  of  calti- 
Tation,  whereas  the  Baritan  water-shed  is  only  13  per  cent,  in  forest, 
is  entirely  free  from  marshes  and  is  very  highly  cultivated.  It  will 
be  noted  that  in  this  comparison  there  is  an  absolate  lack  of  any  cor- 
respondence between  the  amoant  of  evaporation  and  the  character  of 
the  v^etation  of  the  water-shed,  its  soil  or  topography. 

The  Great  "Egg  Harbor  and  Batsto  represent  the  widest  divergence 
which  we  have  reached  from  the  mean  temperatare  of  the  Passaic, 
&C.  We  estimate  that  this  difference  shoald  cause  an  increase  of  14 
per  cent,  in  evaporation,  and  we  find  from  our  gaugings  that  the 
evaporation  is  actually  increased  to  even  a  greater  extent  than  this, 
due  to  the  fact  that  the  difference  in  temperature  is  not  equal 
throughout  the  year,  in  the  face  of  the  fieict  that  88  per  cent,  of  these 
water- sheds  is  in  forest  and  only  12  per  cent,  under  cultivation.  We 
have  here  not  only  convincing  evidence  of  the  paramount  influence  of 
temperature,  but,  as  in  the  case  of  the  Highland  streams,  it  is  seen 
that  the  response  of  evaporation  to  temperature  is  delicate  and  exact. 
It  seems,  therefore,  that  the  data  which  we  have  in  hand  go  far  to 
prove  that  evaporation  is  effected  principally  by  temperature,  and  to 
an  entirely  subordinate  extent  by  the  character  of  the  vegetation  or 
the  topography  of  the  water-shed.  The  force  of  this  is  apparent 
when  we  bear  in  mind  that  rainfall,  less  evaporation,  as  we  have 
considered  it,  gives  the  amount  of  water  which  will  flow  off  in  the 
streams. 

It  becomes  interesting  to  note  what  rainfall  is  necessary  to  be  just 
equivalent  to  the  demands  of  evaporation  and  vegetation.  We  have 
given  in  the  previous  table  the  temperature  of  the  Passaic  water-shed 
by  seasons.  By  the  use  of  this  we  may  arrange  our  evaporation 
formula  by  seasons.    They  become  as  follows : 

Winter JE?  equals  (  .99 -f  .10  iJ)  (.05  T—   .475) 

Spring E      "  (3.22  +  .13  iJ)  (.05  T— 1.36) 

Summer E      **  (8.12  +  .27  R)  (.05  T—  2.51) 

Autumn E      "  (3.17  +  .14  R)  (.05  T— 1.595) 

Year JF  equals  (15.50  +  .16  R)  (.05  T— 1.485) 
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If  we  now  introdnoe  into  these  equations  the  proper  valaes  for  Ty 
and  make  E  equal  R,  we  obtain  the  following  yalues  of  rainfall 
needed  to  equal  the  evaporation : 

Highlands  and         Passaic      Red  Sandstone      Southern 
Kittatinny  Valley.    Water-shed.         Plain.  New  Jersey. 

Winter 97  1.10  1.16  1J27 

Spring 3.19  3.70  3.91  «l 

Summer 9.46  11.12  11.97  13.37 

Autumn 3.21  3.96  3.90  4.31 

Year 16.83  19.61  20.94  23.26 

It  is  seen  that^  excepting  in  summer^  the  rainfall  in  the  State  will 
usually  be  largely  in  excess  of  evaporation,  but  if  the  summer  rainfaD 
is  less  than  about  12  inches  it  will  be  entirely  evaporated.  Inasmuch 
as  most  of  our  streams  carry  off  about  2  inches  of  ground-water  per 
month,  we  shall  require  6  inches  in  excess  of  the  above  for  each 
season  in  order  to  maintain  full  ground-water,  but  we  may  remark 
here  that  we  shall  show  more  fully  later  that  this  condition  is  not 
desirable  for  healthful  vegetation.  Indeed,  we  shall  show  that  the 
water  drawn  from  the  earth  by  stream-flow  is  not  at  all  necessary^ 
but  in  fact  is  detrimental  to  vegetation.  There  are  two  distinct 
operations  by  which  depletion  of  ground-water  is  brought  about. 
There  is  the  draioing  process,  which  relieves  the  ground  of  water 
which  fills  the  voids,  and  there  is  the  drying  process  of  evaporation 
and  vegetation,  which  takes  up  the  remaining  water  held  in  the  earth 
by  capillary  attraction. 

It  will  be  noted  that  for  the  more  productive  part  of  the  State, 
having  a  mean  temperature  of  about  60  degrees,  about  20  inches  per 
annum  of  rainfall  is  needed  to  satisfy  the  requirements  of  evaporation 
and  vegetation.  It  is  of  interest  that  our  evaporation  formulse  so 
closely  conform  to  general  observation,  which  is  to  the  effect  that  for 
about  this  temperature  less  than  20  inches  of  annual  rainfall  is 
accompanied  by  an  exclusively  pastoral  condition  of  the  country,  and 
when  the  rainfall  becomes  as  small  as  14  inches  vegetation  practically 
disappears.  These  facts  in  all  respects  agree  with  the  indications  of 
our  evaporation  formula.  In  Kansas,  when  the  rainfall  sinks  as  low 
as  20  inches,  it  also  has  a  distribution  through  the  season  to  some 
extent  like  that  of  the  above  table,  or  about  as  follows :  Winter,  2.7; 
spring,  4.7 ;  summer,  7.9,  and  autumn,  4.7  inches. 
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While  they  are  not  exactly  germane  to  the  sabject  of  water- 
supply  and  water-power,  these  facts  which  we  learn  from  the  condi- 
tion of  v^tation^  in  a  general  way,  confirm  the  accuracy  of  oar 
aasomptions.  They  are,  besides,  of  the  greatest  economic  importance, 
so  that  we  may  be  pardoned  if  we  porsiie  them  a  little  farther,  as  our 
formulse  are  probably  the  first  attempt  at  computation  of  evaporation 
based  upon  proper  data.  From  Table  No.  46  we  have  prepared  the 
following  table  of  seasonal  rainfall  and  evaporation.  As  the  grow- 
ing period  is  confined  almost  exclusively  to  spring  and  summer,  we 
have  not  considered  it  necessary  to  include  the  other  seasons : 

8PRINO  AND  SUMMER  RAI19FALL  AND  EVAPORATION. 

Average  Year, 


Kittatinnj  valley  and  Highlands. 

Passaic  water-shed 

Hed  sandstone  plain 

Trenton  to  Camden 

Gamden  to  Bridgeton 

Ckwst  streams. 


SPRING. 


10.93 
11.15 
11.39 
11.71 
11.38 
12.17 


4.18 
4.51 
4.99 
5.47 
5.42 
5.56 


G 


+6  75 
4-6.64 
4-6.40 
4-6.24 
4-5.96 
4-6.61 


SUMMER. 


a 


12.35 
12.60 
12.86 
13.22 
12.84 
13.76 


a 

£ 

o 
a* 


10.09 
11.47 
12.14 
13.28 
13.15 
13.70 


u 

S 


4-2.26 
4-1.13 
4-  .72 

—  .06 

—  .31 
4-  .06 


Ordinary  Dry  Year. 


Kittatinny  valley  and  Highlands. 

XHut^aic  water-shed 

^^ed  sandstone  plain 

Trenton  to  Camden 

Camden  to  Bridgeton 

Ooast  streams 


8.73 

3.91 

4-4.82 

11.84 

9.99 

8.91 

4.45 

4-4.46 

12.13 

11.37 

9.13 

4.71 

4-4.42 

12.37 

12.00 

9.33 

5.13 

4-4.20 

12.63 

13.12 

9.13 

5.11 

4-4.02 

12.37 

12  55 

9.69 

5.18 

4-4.51 

13.17 

13.27 

4-1.85 


4- 
4- 


.74 
.37 
.49 
.18 
.10 


Driest  Year. 


^Klttatinny  valley  and  Hi&rhland8......... 

7.16 
7.16 
7.16 

7.15 

3.72 
4.20 
4.41 

4.79 

4-3.43 
4-2  95 
4-2.74 

4-2.36 

601 
6.01 
6.01 

6.01 

8.56 

—2.55 

X^assaic  water-shed , 

9.58 
10.15 

11.03 

—3  57 

^ed  sandstone  plain 

— 4.14 

Trenton  to  Camden , 1 

Oamden  to  Bridsreton > 

5  02 

Coast  streams. j 

22 


Sraporation. 

DllEerenoe. 

4.45 

+6.00 

9.80 

—3.68 
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The  conditions  shown  in  the  above  table  may  be  described  as  fol- 
lows :  The  average  year  presents  those  which  are  most  favorable  to 
the  generallj-abandant  vegetation  of  the  State;  the  ordinary  dry 
year  gives  conditions  of  scanty  rain&ll,  bat  not  such  as  to  oaose  gen- 
eral distress  to  plant-growth^  while  the  driest  year  makes  exoeedinglj 
distressing  conditions,  and  sach  that^  if  they  were  oontinaed,  woald 
change  the  whole  character  of  the  vegetation  of  the  State.  This  was 
based  npon  the  year  1881,  which  was  not  only  a  rainoos  one  for 
ordinary  crops,  bat  caused  the  death  of  nambers  of  forest  trees,  and 
those  which  did  not  actaally  die  had  their  foliage  browned  as  if  bj 
fire  in  many  portions  of  the  State.  The  same  thing  happened  in  a 
part  of  northern  New  Jersey  to  a  less  d^ree,  in  1894,  when  the  oonk- 
ditions  of  rainfiill  and  evaporation  were  as  follows : 

1884.  Rain. 

Spring 9.46 

Summer 6.22 

The  deficiency  above  shown  for  the  sammer  is  aboat  the  same  as 
that^on  the  Passaic  water- shed  for  the  driest  year.  Should  these  con- 
ditions continue,  it  is  evident  that  oar  forest  growth  would  become 
scanty.  Here  again  it  is  interesting  to  compare  those  oonditions 
which  prevail  in  the  west,  at  about  the  line  where  the  forest  growth 
ceases  to  be  abundant  because  of  scarcity  of  rainfall.  Thi^  is  at 
about  32  inches  annually  in  the  neighborhood  of  Kansas,  whereas  the 
rainfall  for  our  driest  year  is  31.63  inches.  The  rainfall  and  com- 
puted evaporation  by  seasons  in  Kansas  at  about  the  limit  of  abundant 
forest  growth  is  approximately  shown  in  the  following  table : 

Temperature. 

Winter 29 

Spring 54 

Summer 76 

Autumn 54 

Year 64  32.0  26.1  +6.9 

The  actual  effect  on  vegetation  of  such  dryness  is  probably  the 
more  accurately  shown  by  the  depletion  of  the  ground- water,  which 
we  shall  consider  hereafter.  The  roots  of  some  of  the  plants  pene- 
trate to  a  great  depth,  and  are  consequently  able  to  extract  moistare 
to  a  corresponding  depth.     Thus  the  roots  of  common  clover,  a  com- 


Computed 

Raiu. 

Evaporation. 

Difference. 

4.3 

1.4 

4-2.9 

7.6 

6.7 

+1.9 

12.6 

14.4 

—1.8 

7.6 

4.6 

4-2.9 
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Muraiiyelj  small  plants  have  been  traoed  to  a  depth  of  foar  feet.  In 
ixtremely  dry  times  we  have  known  the  earth  to  become  entirely  dry 
o  a  depth  of  at  least  three  feet^  and  there  is  no  doabt  that  in  some 
loils  on  the  higher  portions  of  a  water-shed  this  depth  is  considerably 
exceeded. 

GBOUNB-WATEB. 

Our  flow  from  storage,  as  shown  by  the  storage  carves  which  we 
lave  used  in  computing  the  flow  of  streams,  indades,  in  addition  to 
lie  gronnd-water,  some  water  drawn  from  ponds  and  swamps  which 
xmld  not  be  separated.  We  have  seen  that  the  Paalinskill  has  a 
[>ond  storage  amounting  to  0.7  inches  on  the  water-shed.  It  is  much 
less  on  other  Kittatinny  valley  water-sheds.  The  whole  Passaic, 
laring  the  period  covered  by  our  gaagings,  had  about  10  square 
miles  of  water  surface,  or  1.2  per  cent,  of  the  whole,  and  an  average 
Iranght  of  24  inches  on  these  ponds  would  give  0.29  inch  on  the 
irater-shed.  The  Bamapo  has  1.2  per  cent  of  water  surface;  the 
V^anaque  3.4  per  cent. ;  the  Pequannock  1  per  cent.,  and  the  Bocka- 
waj  above  Boonton  about  2  per  cent,  of  water  surface.  The  Baritan 
lias  almost  none,  as  is  the  case  for  the  southern  streams,  although 
iieae  have  large  swamp-storage.  This  pond-storage  has  some  efiect 
ipon  the  storage  curves,  as  we  have  remarked,  but  as  ihe  draught  is 
somewhat  irr^ular  it  was  necessarily  to  a  large  extent  eliminated,  so 
that  in  the  main  the  storage  curves  represent  natural  ground  and 
iwamp-storage.  The  depletion  of  ground-water  is  usually  due  to 
evaporation  and  drainage  to  streams  combined,  but  if  we  consider  the 
lemands  of  evaporation  to  be  just  equal  to  the  rainfall,  and  on  this 
issumption  compute  the  flow  of  different  streams  for  a  series  of 
months,  we  shall  have  a  pretty  accurate  idea  of  the  amount  of  water 
«?hich  may  be  extracted  from  the  earth  by  drainage  alone,  and  also  a 
good  measure  of  the  relative  capacity  of  different  kinds  of  soil  and 
Babsoil  for  feeding  the  streams. 


/ 
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FLOW  FROU  OBOUHD-WATEB  WREN  BAIKFALL  XQriLS  EVAPORATION. 
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Ab  the  growing  season  lasts  about  four  months,  or  from  Mar  ^ 
August,  and  the  depletion  of  groand*  water  asnally  begins  aboat  iiij 
Ist,  we  have,  in  the  figures  for  the  fonrth  month  aboTs,  the  amoont 
of  water  extracted  b^  the  Btreams  alone,  when,  as  is  not  at  all  onnsnal 
duriDg  these  month?,  the  rainfall  is  only  eqoal  to  the  evaporation. 
It  will  be  noted  from  the  total  for  nice  months  that  the  capacity  of 
the  atreams  for  depleting  ground-water  is  limited.  As  we  have  pre- 
viously remarked,  the  water  included  in  the  above  table  is  dntinage, 
or  the  surplus  water  held  in  the  voids,  and  not  needed  for  plants 
growth.  In  fact,  this  water  is  that  which  is  troublesome  to  the 
agriculturist,  and  when  nature  has  not  provided  a  ready  outlet  for  it 
he  fiods  it  necessary  to  ooderdraiD  bis  fields  and  thus  remove  it. 
He  has  found  it  necessary  to  remove  it  (o  a  depth  of  about  three  feet, 
and  iu  order  to  effect  this  he  usually  places  such  drains  at  a  depth  of 
four  feet.  Its  presence  probably  prevents  the  necessary  penetration  of 
air  into  the  soil  to  oxidize  its  organic  matters.  A  soil  which  is  not 
deprived  of  this  water  of  drainage  has  a  low  temperature,  a  diSerence 
of  10  degrees  having  been  observed  at  a  depth  of  7  inches  between 
drained  and  undrained  soils.  We  may  expect,  therefore,  that  a 
conutry  in  which  the  depletion  of  ground-water  is  large  will  be  - 
characterized  by  a  warm  soil,  as  is  the  case  with  soutbem  New  Jersey. 

We  may  conclude,  therefore,  that  the  water  drawn  off  by  stream^^ 
is  not,  as  a  rule,  any  part  of  that^whioh  b  necessary  to  support  tbe^ 


WATER-SUPPLY. 


341 


demanda  of  vegetotioii,  bat  that  these  demaoda  nay  be  sappUed  from 
the  water  held  ia  the  soil  after  such  drainage  is  eGfeoted. 

The  following  table  shows  the  ezteot  to  which  groand-water  is 
actaalljr  depleted  in  different  sections  of  the  State  daring  onr  average, 
ordinary  d^  and  driest  years : 
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Unlike  the  previous  table^  whioh  shows  the  possible  draught  hj 
drainage  alone^  this  table  shows  the  oombined  effects  of  drainage, 
evaporation  and  vegetation.  The  average  year  probably  represents 
the  extent  of  depletion  consistent  with  the  best  development  of  our 
vegetation.  It  begins  with  May  and  extends  through  the  autumn, 
and,  in  southern  New  Jersey,  through  the  year.  The  ordinary  dry 
year  is  probably  not  far  from  the  limit  beyond  which  violation  suf- 
fers badly,  and  the  driest  period  represents  extremely  hurtful  condi- 
tions, and  which  if  continued  would  result  in  a  change  of  the  char- 
acter of  our  vegetation. 

The  actual  depth  into  the  soil  to  which  this  depletion  penetrates 
cannot  well  be  ascertained.  The  depth  to  which  the  drainage  extends 
is  much  greater  than  that  to  which  actual  dryness  of  the  soil  pene- 
trates. The  percentage  of  voids  in  sand  amounts  to  about  26  per 
cent,  of  the  whole  mass,  and  closer  soils  have  about  10  per  cent,  of 
voids,  so  that  the  average  depletion  will  range  from  four  to  ten 
times  the  depletion  measured  by  the  depth  of  water  extraoted|  or  may 
be  assumed  to  average  about  seven  times.  For  an  average  year^ 
therefore,  in  northern  New  Jersey  it  will  extend  from  9  to  24  inches^ 
and  for  the  driest  year  from  42  to  56  inches.  Upon  a  given  water- 
shed the  depletion  will  range  from  nothing  along  the  stream  lines  to 
probably  about  twice  the  above  amounts  along  the  ridge  line,  conse- 
quently it  is  probable  that  the  above  depletion  for  the  average  year  is 
quite  sufficient  to  cause  a  drainage  of  36  inches  on  the  uplands, 
which  we  have  seen  to  be  necessary  to  perfect  vegetation.  In 
southern  New  Jersey  a  part  of  the  depletion  is  from  swamp-storage, 
but  probably  the  ground-water  is  depleted  to  the  extent  of  10  inches 
in  the  driest  time,  or  to  a  depth  of  from  24.6  inches  in  the  average 
year  to  70  inches  in  the  driest  year.  It  will  be  noticed  that  the 
ground-water  is  lowered  for  a  much  longer  period  in  southern  New 
Jersey  than  in  the  northern  part,  and  it  is  not  improbable  that  this 
bears  some  share  in  the  well-known  dryness  of  the  winter  and  spring 
climate. 

EFFECT  OF   FORESTS   UPON   STREAM-FLOW. 

We  have  already  called  the  reader's  attention  to  the  report  upon 
forestry  made  by  F.  B.  Hough  to  the  Commissioner  of  Agriculture, 
in  1877,  which  embodies  practically  all  that  it  is  desirable  to 
say  as  to  the  results  of  the  ordinary  experiments  upon  this  subject. 
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As  we  are  able  to  approach  it  from  a  somewhat  different  standpoint, 
however,  and,  in  view  of  the  prevailing  and  oommenc^ble  interest  in 
the  preservation  of  oar  forests,  a  brief  summary  of  our  findings  in 
this  connection  may  not  be  amiss. 

We  believe  it  will  be  helpful  to  the  cause  of  forestry  in  the  future 
if  the  effects  of  forests  upon  stream-flow  are  more  carefully  and 
accurately  stated. 

First,  it  is  necessary  to  be  careful  in  accepting  too  implicitly 
popular  opinion  upon  the  subject  We  have  heard  everywhere 
throughout  the  State  emphatic  declarations  that  within  the  memory 
of  the  relators  there  had  been  a  decided  shrinkage  in  the  volume  of 
streams,  and  this  is  almost  always  attributed  to  deforestation.  On 
the  Raritan,  the  fact  is  cited  that  it  was  previously  customary  to 
freight  goods  by  boat  as  fiu*  up  as  North  Branch,  and  indeed,  in  1736, 
members  of  the  writer's  own  family  conveyed  their  household  goods 
by  this  means  up  the  Raritan  and  up  Green  brook  as  far  as  the  pres- 
ent city  of  Plainfield,  this  being  then  the  most  available  means  of 
transportation.  It  is  claimed  that  this  could  not  be  done  at  present. 
It  must  be  remembered  that  by  the  construction  of  the  Delaware  and 
Raritan  canal,  in  1833,  very  considerable  changes  were  made  in  the 
regimen  of  the  lower  stream,  and  if  it  were  not  for  these  changes  we 
can  see  nothing  to  prevent  navigation  of  the  river  to  a  considerable 
extent  at  present,  during  a  part  of  the  year,  by  such  boats  as  were 
then  in  use.  The  great  improvement  in  methods  of  transportation, 
however,  and  consequent  change  of  the  point  of  view,  make  such  a 
proposition  now  seem  ridiculous.  We  use  this  as  an  illustration  of  a 
class  of  facts  which  are  advanced  to  demonstrate  the  shrinkage  of  the 
Ranoocas  and  other  streams  of  the  State  which  were  once  considerably 
used  for  shipping  produce.  We  cannot  regard  such  evidence  as 
conclusive. 

As  to  the  claims  of  shrinkage  in  the  volume  of  streams  during  the 
memory  of  persons  now  living,  we  must  remember  that  if  this  has 
laken  place  it  can  hardly  be  charged  to  deforestation.  The  census 
returns  show  that  since  1860  the  improved  land  in  the  State  has  in- 
oreased  only  330,000  acres,  or  7  per  cent,  of  the  whole  land  area,  and 
this  is  confined  to  a  few  localities.  It  is  perfectly  safe  to  say  that  in 
Dorthem  New  Jersey  there  has  been  practically  no  increase  in  culti- 
vated land  for  a  period  of  50  years.  Again,  we  have  found  that  the 
large  forested  areas  of  the  northern  portion  of  the  State  consist 
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mainly  of  a  growth  of  from  36  to  45  years,  and  we  are  disposed  to 
place  the  period  of  maximum  deforestation  at  about  1850.  This  was 
brought  about  by  the  large  demand  for  charcoal  for  the  then  namer- 
ous  iron  works  of  the  State,  and  the  method  of  cutting  timber  was  to 
include  everything  in  sight.  We  are  told  that  at  about  this  time 
large  areas  of  the  Highlands  presented  a  perfectly  bare  appearance. 
In  view  of  these  facts  we  are  compelled  to  conclude  that  if  the  alleged 
changes  in  the  stream  are  a  fact  they  cannot  be  due  to  deforestation, 
unless  it  may  be  in  the  case  of  the  Delaware.  A  good  foundation  for 
this  prevalent  opinion  that  the  volume  of  the  streams  averages  less 
than  formerly  may  be  found  in  our  diagram  of  rain&ll,  Plate  I.  If 
these  persons  contrast  mentally  the  dry  period  which  has  prevailed 
since  about  1875  with  the  wet  period  between  1855  and  1875,  their 
opinion  would  be  amply  justified  so  far  as  the  decreased  flow  of  the 
streams  is  concerned,  and  the  reason  is  apparent. 

We  have  already  shown,  in  our  remarks  upon  the  laws  which 
governed  evaporation,  that  there  is  nothing  in  our  obeervations  of 
stream-flow  which  indicates  that  forests  or  other  vegetation  have  any 
marked  effect  upon  the  total  annual  evaporation  from  a  water-shed. 
Indeed,  if  such  a  difference  in  this  respect  as  is  sometimes  claimed 
actually  existed,  we  should  expect  to  find  the  prevalence  of  forests 
in  regions  where  the  rainfall  was  too  light  to  support  other  vegeta- 
tion. This  does  not  appear  to  be  the  cane,  and  indeed  it  would  seem 
to  be  rather  the  reverse. 

Again,  we  must  not  expect  to  be  able  to  show  any  increase  in  the 
height  of  extreme  floods  from  deforestation,  for  these  are  usually  due 
to  a  peculiar  combination  of  circumstances  which  are  beyond  the  con- 
trol of  forests,  and  precisely  the  same  thing  is  true  as  to  the  lowest 
flow.  We  shall  not  be  able  to  show  any  decrease  in  this,  but  we  may 
show  that  moderately-heavy  floods  are  more  prevalent,  and  periods  of 
very  low  flow  more  frequent  and  longer  extended. 

It  does  not  follow  from  the  above  that  the  beneficial  effects  of 
forests  are  to  be  depreciated.  On  the  contrary,  they  can  be  and 
should  be  put  upon  grounds  that  are  incontestable.  Their  effect  in 
holding  and  preserving  the  soil  upon  slopes  is  very  well  known,  and 
besides  this  they  create  a  mass  of  humus  and  absorbent  matter  upon 
the  surface  which  has  an  effect  upon  stream- flow,  and  the  general 
evils  resulting  from  deforestation  are  a  matter  of  careful  observation 
and  record,  so  that  too  much  stress  cannot  be  laid  upon  the  desira- 
bility of  preserving  a  proper  area  of  forests. 
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So  fiur  as  they  affect  the  flow  of  streams  we  consider  their  most 
Talaable  service  to  be  that  they  eqaalize  the  flow^  which  they 
undoabtedly  do  to  a  marked  extent.  Something  of  this  appears  to 
be  traceable  in  the  difference  between  the  ground- flow  curve  of  the 
Sudbury^  with  about  14  per  cent,  of  forest,  and  that  of  the  Passaic, 
with  about  44  per  cent.  The  extremely  low  ground-flow  of  the 
Neshaminy,  which  is  largely  deforested,  appears  to  be  also  in  part 
due  to  the  same  cause.    These  curves  are  shown  in  Plate  IV.,  page  82. 

The  study  of  these  curves  shows  that  in  every  case,  almost,  it  is 
the  water-shed  on  which  is  the  largest  proportion  of  forest  which 
shows  the  largest  flow  from  ground- water.  Thus,  the  Sudbury  curve 
falls  below  that  of  the  Croton,  and  still  more  below  that  of  the  Pas- 
saic. The  Neshaminy  and  Tohickon  have  the  smallest  amount  of 
forest  and  the  lowest  curve  of  ground- flow.  While  we  know  that  it 
is  not  entirely  due  to  forests,  it  would  seem  to  be  indicated  that  they 
bear  an  important  part  in  bringing  about  the  result.  Turning  now 
io  Plate  yi.,  at  page  126,  and  remembering  that  we  should  compare 
only  streams  having  approximately  the  same- sized  water- shed,  we 
find  of  the  Baritan  and  Passaic  that  the  latter  shows  a  much  better- 
sustained  flow  for  the  latiter  part  of  a  dry  period.  The  same  thing  is 
true  of  all  the  other  streams  which  are  properly  comparable,  and  the 
possibility  that  forests  have  an  important  bearing  in  this  respect  upon 
the  flow  of  streams  is  strongly  suggested.  If  we  now  turn  to  the 
table  of  flow  from  ground-water  when  rainfall  equals  evaporation,  on 
page  340,  we  have  a  measure  of  the  effect  of  such  increased  flow  from 
ground-water.  Compare,  for  instance,  the  Passaic  and  Baritan,  and 
we  see  that  although  the  total  flow  from  ground- water  on  the  Passaic 
is  less  than  that  upon  the  Baritan,  after  the  fourth  month  the  flow  of 
the  Passaic  is  considerably  larger,  averaging  about  20  per  cent,  in 
•excess  of  that  of  the  Baritan.  While  the  much  larger  flow  of  the 
coast  streams  is  mainly  due  to  other  causes,  it  is  still  suggestive  of 
the  nature  of  the  real  benefits  which  result  to  streams  from  a  preva- 
lence of  forests.  As  to  the  effect  upon  floods,  this  follows  as  a 
sequence  of  the  increase  in  ground-flow.  As  an  illustration,  let  us 
take  the  flow  of  the  several  classes  of  New  Jersey  streams  during 
September,  1882,  a  month  in  which  great  floods  prevailed  all  over  the 
northern  part  of  the  State.  If  we  assume  the  rainfall  everywhere  at 
this  time  to  have  been  the  same  as  that  of  Philadelphia,  or  12.09 
inches  for  the  month  of  September,  as  we  have  done  in  the  driest 
period  of  our  several  tables  of  flow,  we  have  the  following  table : 
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RAINFALL  AND  FLOW-OFF   IN  FLOOD  MONTH,  SEPTEMBER,   1882. 

Rainfall,  less 
E?aporation.       Flow-DC 

Kittatinny  valley  and  Highlands. 8.51  7.27 

Passaic 8.04  6.69 

Northern  red  sandstone. 7.74  3.58 

Raritan 7.74  4.73 

Small  red  sandstone 7.74  5.75 

Delaware  above  Trenton 8.51  6.90 

Branches  of  Delaware,  Trenton  to  Camden 7.47  2.32 

"         Camden  to  Bridgeton 7.47  2.32 

Coast  streams,  large  ground-storage 7.47  1.32 

The  total  flow-off  for  this  month  is  seen  to  vary  from  7.27  to  1.32 
inches,  whereas  the  excess  of  rainfall  over  evaporation  ranges  only 
from  8.51  to  7.47  inches.  The  great  difference  in  the  amount  of 
water  flowing  off  is  dae  to  the  difference  in  the  amount  absorbed  by 
the  earth,  which  ranges  from  1.24  inches  in  the  Highlands  and  Kit- 
tatinny valley  to  6.15  on  the  coast  streams.  All  through  this  table 
it  is  seen  that  the  flood- flow  must  vary  in  volume  inversely  with  the 
capacity  for  ground- storage,  consequently  anything  which  tends  to 
increase  this  capacity  tends  to  decrease  the  volume  of  floods.  The 
modifying  action  of  forests  upon  such  storage  is  certainly  limited  to 
within  the  range  of  conditions  exhibited  by  the  northern  New  Jersey 
streams.  It  happens  at  times,  on  all  of  these,  that  a  heavy  rainfall 
occurs  when  the  ground-storage  is  full,  and  the  result  must  be  a 
flood.  The  maximum  rate  of  flood-flow  on  these  streams  occurs  with 
such  exceptional  conditions  as  these,  or  when  there  is  a  heavy  fall  of 
rain  upon  a  large  accumulation  of  snow  or  upon  frozen  grounds.  It 
is  for  this  reason  that  we  have  taken  the  position  that  we  must  not 
look  for  a  decrease  in  this  maximum  rate  of  flow  to  be  brought  about 
by  forests.  The  above  showing  indicates,  nevertheless,  that  the  aver- 
age of  floods  will  be  reduced  and  the  frequency  of  their  occurrence 
materially  decreased  by  forests. 

There  is,  furthermore,  little  doubt  that  the  very  large  storage-flow 
of  the  southern  New  Jersey  streams  is  in  part  due  to  the  forests^ 
especially  in  the  swamps.  Tliis  effect  is  produced  in  part  by  the  power 
for  large  absorption  of  water  and  slow  parting  therewith,  which  is 
peculiar  to  humus,  as  shown  in  the  table  previously  quoted  from 
Becquerel,  and  in  part  to  the  retention  of  water  by  absorbent  mosses 
and   by  the  inequalities  of  the  surface   which  are  characteristic  of 
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forestSi  and  whioh  hold  the  raiDfall  until  it  can  take  advantage  of  the 
facilities  afforded  for  its  percolation  into  the  subsoil  through  the 
channels  provided  by  the  roots  of  the  trees.  We  cannot  better  illus- 
trate how  beneficial  this  equalizing  effect  may  be  than  by  suggesting 
to  the  reader  a  comparison  between  the  computed  flow  of  the  coast 
streams  during  the  driest  period^  as  shown  by  Tables  Noe.  60  and  61^ 
and  the  flow  of  the  smaller  red  sandstone  watersheds  during  the  same 
period  for  the  same  rainfall,  as  shown  by  Table  No.  66.  He  is  like- 
wise referred  to  the  diagram  of  comparative  flow  of  the  Batsto  and 
Neshaminy  during  the  same  period^  shown  in  Plate  X.,  page  292. 
The  result  of  such  increased  capacity  for  natural  storage  and  equali- 
sation of  flow  is  a  very  much  more  serviceable  stream  for  water-power 
or  navigation,  and  the  requirements  of  artificial  storage  in  order  to 
Qtib'ze  a  given  amount  of  water  per  square  mile  are  very  much  less^ 
although  the  total  run-off  of  the  stream  during  the  year  is  not  neces- 
sarily any  greater. 

From  a  sanitary  standpoint,  it  has  been  suggested  that  the  most 
desirable  condition  of  a  water-shed  is  about  that  of  our  Highland 
country,  with  clearings  near  the  streams  to  the  extent  of  20  or  25  per 
oent  of  the  whole  area,  which  freely  admit  sunlight  and  air.  This 
is  probably  preferable  to  a  solidly- wooded  district,  especially  if  these 
clearings  are  kept  in  grass.  It  may  be  remarked  that  at  present 
there  does  not  appear  to  be  any  danger  of  further  deforestation  upon 
our  water- sheds,  unless  it  may  be  from  fires  in  the  southern  portion  of 
the  State. 

EFFECTS  OF  CULTIVATION  UPON  8TEEAM-FL0W. 

These  effects  cannot  be  very  marked  upon  the  total  quantity  of 
water  flowing  in  a  stream  for  a  given  rainfall.  This  follows  from 
our  previous  conclusions.  No  such  effect  is  found  in  the  recorded 
gaugings,  any  differences  of  flow  there  observed  being  more  satisfac- 
torily accounted  for  by  temperature.  We  also  found  that  the  removal 
of  the  water  held  in  the  voids  of  the  soil  does  not  interfere  with,  but 
0  beneficial  to  vegetation,  which  is  best  supplied  from  the  water  held 
by  capillary  attraction,  and  such  capillary  water  can  have  but  little 
effect  upon  stream- flow.  It  is  highly  probable,  however,  that  the 
tilling  of  the  soil  greatly  increases  its  absorbent  capacity,  and  proba- 
bly increases  materially  the  total  flow  from  ground-water.  On  the 
other  hand,  thorough  drainage  and  underdrainage  quicken  the  dis- 
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•charge  of  each  waters,  thus  producing  a  large  flow  at  the  beginniBg' 
of  the  draught  upon  ground-water  but  a  decreased  flow  for  the  later 
months  of  a  dry  season,  consequently  the  periods  of  extreme  low  flow 
are  longer  upon  cultivated  water-sheds.  An  instance  and  an  excel- 
lent illustration  of  this  fact  may  be  seen  in  the  ground-flow  curve  of 
the  Baritan  as  compared  with  that  of  the  Passaic  in  Pate  YLf  at 
page  126,  also  in  the  table  of  flow  from  ground- water,  on  page  840. 

As  between  cultivated  and  barren  water-sheds,  therefore,  the  culti- 
vated will  show  the  steadiest  conditions  and  the  best-sustained  diy- 
eeason  flow,  but  as  between  cultivated  and  forested  water-shede  the 
forested  will  produce  the  best  results,  the  stored  ground-water  beiiig 
more  slowly  fed  out  and  evenly  distributed  over  the  dry  season.  It 
follows  also  that  floods  will  be  most  severe  upon  barren  areas,  but  m 
between  cultivated  and  forested  areas  there  will  probably  be  bo 
marked  diflerencee  in  this  respect  It  is  readily  seen  that  of  all 
•clashes  barren  water-sheds  are  the  most  undesirable,  oonseqaeofly 
there  follows  the  urgent  necessity  of  preserving  forests  upon  doffm 
BJid  all  areas  which  are  not  adapted  to  agriculture. 

Cultivation  undoubtedly,  both  from  constant  distribution  of  die 
eoil  and  the  use  of  fertilizers,  as  well  as  the  attendant  pollution  fioat 
barnyards  and  the  increased  population,  may  render  waters  leas  poie 
and  wholesome. 


GEOLOGY   OF  THE  STATE   IN   RELATION   TO  STREAM-FLOW. 

The  accompanying  geological  map  will  be  of  use  in  connection 
with  these  studies  because  the  geological  formations  are  the  key  to 
the  character  of  the  streams,  as  they  are  to  the  topography,  climate 
and  other  physical  characteristics  of  the  State.  As  a  rule,  the  wati»- 
sheds  which  lie  upon  the  same  geological  formation  will  be  found  to 
have  a  strong  resemblance,  both  in  the  character  of  the  flow  and  in 
the  chemical  composition  of  the  waters.  We  have  followed  these 
geological  formations  of  necessity  in  grouping  our  streams.  The 
Kittatinny  valley  and  Highlands  group  corresponds  exactly  with  the 
boundaries  of  these  formations.  So  we  have  the  Red  Sandstone  plain 
group ;  and  the  Trenton  to  Camden  and  Camden  to  Bridgeton  gronp 
are  mainly  subdivisions  of  the  Cretaceous  or  clay  and  marl  region, 
while  the  coast  streams  coincide  generally  with  the  Tertiary.  The 
first  two  divisions  are  crossed  by  the  moraine  line,  and  over  all  of  the 
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oonntry  north  of  this  there  is  maoh  scattered  drift,  oomposed  of 
boulder  earth,  sands  and  gravels,  whioh  sometimes  cover  the  under- 
lying rock  to  a  depth  of  hundreds  of  feet.  Glacial  action  has  often 
stripped  the  decomposed  rock  and  soil  from  the  ridges  and  filled  the 
valley  with  debris,  and  many  of  the  lakes  here  are  formed  by  drift 
dams  which  fill  the  valleys.  The  areas  north  of  the  moraine  are 
invariably  much  more  generally  forested  than  those  of  the  same 
formation  south. 

The  Paleozoic  formation  consists  largely  of  slate  and  limestone 
rocks,  which  are  as  a  rule  covered  with  a  good  soil,  and  the  valley  bot- 
toms are  usually  fine  grazing  land.  The  upland  clearings  are  devoted 
to  general  farming,  the  distribution  of  vegetation  being  generally 
about  that  shown  in  Table  No.  19,  page  38.  The  elevations  in 
Kittatinny  valley  range  from  400  to  1,000  feet,  and  on  the  mountain 
which  runs  parallel  to  the  Delaware  along  the  divide  between  that 
stream  and  the  Paulinskill,  from  1,200  to  1,800  feet.  The  valley  ha» 
about  22  per  cent,  of  its  area  in  timber,  and  the  mountain  60  per 
cent.  The  waters  of  this  district,  if  we  judge  them  by  the  analysis 
given  for  the  Pequest,  are  rather  hard.  They  are  also  more  turbid 
than  those  of  the  Highlands. 

The  Archaean  formation  is  co-extensive  with  the  Highlands,  which 
range  from  600  to  1,500  feet  in  elevation,  and  consist  of  a  number  of 
parallel  ridges  and  valleys.  Northeast  of  the  moraine  they  are  well 
wooded,  forest  covering  about  75  per  cent,  of  the  area,  and  ranging 
as  high  as  90  per  cent,  in  some  townships.  Southwest  of  the  moraine 
the  average  is  not  over  30  per  cent,  of  forest,  which  is  mainly  on  the 
slopes  too  steep  for  cultivation.  This  portion  is  well  covered  with 
soil  and  quite  highly  cultivated.  The  underlying  rock  is  gneiss,  with 
a  little  slate  and  limestone  in  some  of  the  valleys. 

The  Red  sandstone  formation,  or  Triassic,  is  a  rolling  plain,  the  ele- 
vations ranging  from  0  to  900  feet,  but  for  the  most  part  the  country 
is  below  300  feet.  The  underlying  rock  is  mainly  shallow,  of  an 
argillaceous  character,  which,  in  places,  becomes  a  sandstone.  It  has 
a  red  color.  Northeast  of  the  moraine  line  this  region  is  densely 
populated,  and  about  40  per  cent,  is  in  timber.  There  is  less  highly- 
cultivated  land  than  would  be  supposed  from  its  populous  character. 
Southwest  of  the  moraine,  the  country  is  of  an  agricultural  charac- 
ter and  highly  cultivated,  the  average  in  forest  being  only  13  per  cent.^ 
and  for  large  areas  in  the  valley  of  the  Baritan  not  over  3  per  cent. 
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The  distribation  of  vegetation  is  well  shown  in  Table  No.  18,  page 
37.  The  stream-waters  of  this  region  are  good  when  not  artificially 
polluted,  bat  they  carry  a  large  amount  of  red  mud  when  slightly 
flwollen. 

The  Cretaceous  formation,  or  clay  and  marl  region,  is  a  level  belt 
of  country,  the  elevation  rarely  exceeding  200  feet.  The  portion 
northwest  of  a  line  drawn  from  Bordentown  to  Baritan  bay,  at  a 
point  about  midway  between  Keyport  and  South  Amboy,  is  nearly 
all  day,  overlaid  with  sand  and  gravel,  which  reaches  a  considerable 
depth  in  the  northeastern  portion.  From  40  to  60  per  cent,  of  this 
is  wooded.  The  remainder  is  made  up  of  alternate  strips  of  marl 
and  sand  and  is  the  most  fertile  portion  of  the  State.  An  average  of 
about  8  per  cent,  of  this  is  wooded,  and  the  remainder  is  in  a  high 
fltate  of  cultivation.  Because  of  this  and  the  prevalence  of  marl  and 
olay  outcrops,  the  streams  are,  as  a  class,  the  least  desirable  for  water- 
flupply,  and  are  frequently  quite  turbid.  There  are  conspicuous 
exceptions  to  this  rule,  however,  as  portions  of  the  district,  being 
more  sandy  and  gravelly,  partake  largely  of  the  character  of  the 
Tertiary  formation  and  furnish  excellent  water. 

The  Tertiary  formation  has  been  quite  fully  described  under  the 
heading  of  coast  streams.  It  is  a  country  of  silicious  sand  and 
gravel  soil,  the  sand  being  in  ^ome  places  much  like  that  of  the  sea- 
shore. It  is  covered  with  a  scanty  growth  of  pine  on  the  uplands 
and  in  the  swamps  by  cedar,  which  is  often  dense,  and  with  which 
the  streams  are  nearly  all  bordered.  The  waters  are  very  soft  and 
pure,  but  usually  have  a  brownish  tioge. 

The  Geological  Atlas,  on  a  scale  of  one  inch  to  the  mile,  8ho¥riDg 
the  surface  geology  of  the  State  in  detail,  which  is  now  in  prepara- 
tion by  this  Survey,  will  give  fuller  and  more  accurate  data  of  a  kind 
which  has  a  more  direct  bearing  upon  stream-flow,  and  will  be  valu- 
able to  those  who  wish  to  study  these  conditions  more  minutely. 


A   BRIEF  SUMMABY   OF  STREAM- FLOW. 

For  the  use  of  those  who  do  not  need  to  go  more  fully  into  the 
subject,  but  who  wish  to  have  conveniently  at  hand  the  leading  facts 
r^arding  the  streams  of  the  State,  the  following  summary  may 
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prove  useful.    We  have  endeavored  to  include  in  it  the  facts  most 
oommonly  needed  for  preliminary  or  general  estimates  : 


RAINFALL  AND  AMOUNT  OF  RAIN  FLOWING  OFF. 

Average  Year, 

Rain— Inches.    Flow-off— Inches. 

Kittatiimj  valley  and  Highland  streams 44.09  24.41 

Delaware  above  Trenton 45.29  24.75 

Paasaic  water-shed. 45  21.30 

Bed  sandstone  streams 45.94  21.72 

Branches  of  Delaware,  Trenton  to  Camden 47.22  20.66 

"                   "         Camden  to  Bridgeton 46.88  19.61 

•Coast  streams 49.10  21.88 

Driest  Oalendar  Year. 

Kittatinny  valley  and  Highland  streams 31.63  16.82 

Delaware  above  Trenton 31.63  17.43 

Passaic  watershed 31.63  15.53 

Bed  sandstone  streams,  Hackensack 31.63  17.68 

"               "        Baritan 31.63  16.25 

"          "               "        small  streams 31.63  14.83 

Branches  of  Delaware,  Trenton  to  Camden 31.63  17.62 

"                   "         Camden  to  Bridgeton 31.63  17.62 

<k>ast  streams  with  moderate  ground-flow 31.63  17.62 

"          "         "     large  ground-flow 31.63  18.65 


Driest  Eighteen  Consecutive  Months. 

Highlands  and  Kittatinny  valley  streams 51  21.06 

Delaware  above  Trenton 51  21.24 

Passaic  water-shed 51  17.97 

Bed  sandstone  streams,  Hackensack 51  18.26 

"          "               "       Baritan 51  17.03 

"          "               "       small  streams 51  16 

Branches  of  Delaware,  Trenton  to  Camden 51  15.87 

"                   "         Camden  to  Bridgeton 51  15.87 

Coast  streams  with  moderate  ground-flow 51  15.87 

"    large  ground-flow 51  17.14 


ti  it 


The  average  flow  daily  during  the  driest  month  on  each  of  these 
streams,  and  the  probable  flow  for  the  driest  day  when  not  held  back 
in  ponds,  are  as  follows : 
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FLOW  IN  GALLONS  DAILY  FOR  ONE  SQUA&E  MILE  OF  WATER-SHED. 

Avenge  tar  Drieit 

Class  of  Streams.                                                                  Driest  Month.  Day. 

Kittatinny  valley  and  Highlands  with  ordinary  water-sheds...    81,000  81,000 

"             "        "           •*            "    large  ground-flow 140,000  110,00(y 

Delaware  above  Trenton 127,000  110,000 

Passaic 127,000  110,000 

Bed  sandstone  streams,  Hackensack 123,000  122,000* 

"           "             "        Raritan 84,000  84,000 

"             "        small  streams 22,000  6,000" 

Branches  of  Delaware,  Trenton  to  Camden 168,000  120,000 

"                  "         Camden  to  Bridgeton 168,000  120,000 

Coast  streams  with  moderate  ground-flow 168,000  120,000 

"    large  ground-flow 168,000  168,000 


U  tl 


If  we  collect  the  surplus  water  of  wet  mouths  in  storage  reservoirs 
and  draw  upon  these  during  dry  months^  then  we  can  dpaw  from  one 
square  mile  of  water-shed  the  following  average  amounts  of  water 
daily  during  the  driest  periods : 

GALLONS  DAILY  COLLECTIBLE  WITH  STOBAGE  FROM  ONE  SQUARE  MILE. 

Kittatinny  valley  and  Highland  streams. 666,094 

Delaware  river  above  Trenton 666.094 

Passaic  river 666,094 

Bed  sandstone  streams 570,988 

Branches  of  Delaware,  Trenton  to  Camden 570,938 

"  "         Camden  to  Bridgeton 476,090 

Coast  streams 570,938 

WATER-POWER  AVAILABLE   FROM   ONE    HUNDRED   SQUARE  MILES  OF  WATER-SHEI> 

ON   ONE    FOOT    FALL  DURING  AN  AVERAGE  OF  NINE   MONTHS  IN 

EACH    YEAR  AND  DURING   THE    DRIEST  MONTH. 

Theoretical  Ilorse-Power. 
For  Nine  Driest 

Class  of  Streams.  Months.  Month. 

Kittatinny  valley  and  Highlands,  ordinary  streams 6.9  1.4 

"  "        "  "  steadiest  streams 6.8  2.5 

Delaware  above  Trenton 7.9  2.2 

Passaic  river 4.5  2.2 

Hackensack  river 7.3  2.2 

Raritan  river 4.1  1.5 

Poorest  of  red  sandstone  streams 2.8  .4 

Streams  from  Trenton  to  Camden 7.5  3 

Streams  from  Camden  to  Bridgeton 7  3 

Coast  streams,  ordinarv 10  3 

"  "       poorest 7.7  3 


APPENDIX   I. 


A  LIST  OF  THE  DEVELOPED  WATER-POWERS 

OF  NEW  JERSEY. 


WATER-POWERS. 

From  a  Canvass  Made  in  1890-'01. 


This  list  is  intended  to  include  every  water-power  in  use  in  the 
State,  and  also  such  as  have  been  recently  used  to  an  important  extent, 
but  are  now  unoccupied.  The  net  horse-power  is  obtained  usually 
from  the  capacity  of  the  wheel-plant,  taking  account  of  its  condition. 
When  this  was  impracticable  it  was  taken  from  estimates  of  the 
owners  or  managers,  or  from  the  amount  of  work  being  done  in  the 
mill.  The  gross  horse-power  was  estimated  from  the  net,  and  shows 
the  amount  of  power  needed  to  drive  the  plant.  In  estimating  it  the 
general  efficiency  of  the  wheel-plant,  or  in  cases  where  the  net  power 
was  taken  from  work  performed,  the  efficiency  of  the  whole  of  the 
machinery  was  considered.  This  gross  horse-power,  giving  the 
amount  of  water  actually  needed  to  drive  the  mill,  taken  with  what 
was  learned  as  to  the  number  of  months  in  which  full  power  could 
be  used,  furnishes  an  indication  of  the  usual  flow  of  the  stream. 

There  are  difficulties  met  with  in  making  such  a  canvass  as  this, 
which  render  entire  accuracy  difficult  to  attain.  It  is  believed  that 
this  is  a  fairly  accurate  presentation  of  the  interest,  however,  as  it 
stood  at  the  date  of  making  the  canvass. 

The  power  is  divided  among  the  several  industries  as  shown  in  the 
table.  Grist  and  flouring  mills  use  39.6  per  cent,  in  northern,  and 
49  per  cent,  in  southern  New  Jersey ;  42  per  cent,  of  the  whole 
power  of  the  State.  The  average  power  of  these  mills  is  28.6.  Saw, 
turning  and  other  wood-working  establishments  use  10  per  cent, 
north,  and  23  per  cent  south,  or  13  per  cent,  for  the  State.  Their 
average  power  is  15.6  horse-power.  The  mills  classed  under  fabrics 
and  fibres  use  14  per  cent,  of  the  power,  having  an  average  power  of 
74.6.  Paper  mills,  being  large  users  of  power,  are  placed  under  a 
separate  class  from  fabrics  and  fibres,  to  which  they  really  belong. 

(8) 
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They  use  10.7  per  oent.^  with  an  average  of  118  horse-power  each* 
Iron-working  milk  use  10  per  cent.|  and  average  65  horse-power. 
Miscellaneous  mann&cturers  utilize  11  per  cent,  averaging  66.6  horse- 
power each  and  including  a  great  variety  of  industries,  among  which 
may  be  mentioned  the  manufacture  of  photoeraphic  lenses,  mndbe 
of  BoapBtone,  driving  of  pumps  for  sapplyi^g  ^ter  to  dtieTand  of 
electric-light  plants.  Paterson,  Trenton,  New  Brunswick,  Passaic, 
Millville,  Somerville  and  Raritan,  Lakewood,  Wenonah  and  Nutley 
have  each  a  water-power  pumping-plant  for  waternsupply.  Boonton 
and  Lakewood  have  electric-light  plants  run  by  water-power. 
Classifying  the  northern  streams  by  entire  water-sheds,  we  have : 

No.  of  Net 

mills.       hone-power. 

Delaware  above  Trenton 186  6,658 

Wallkill 25  598 

Passaic 216  8,924 

Hackensack 25  404 

Elizabeth 2  36 

Rahway 15  366 

Raritan 171  6,993 

The  Passaic  stands  at  the  head  of  the  streams,  in  both  total  horse- 
power and  horse-power  per  square  mile,  the  latter  being  11.3.  This 
refers  to  the  streams  as  here  grouped,  however,  for  the  Musconetcong, 
taken  separately,  shows  12.9  per  square  mile.  Of  the  other  Dela- 
ware streams,  Flat  brook  shows  2.1,  Paulinskill  5.4,  and  the  Pequest 
6.1  net  horse-power  per  square  mile.  The  Wallkill  has  2.8  and  the 
Raritan  5.4  per  square  mile.  The  southern  streams  should  not  be 
expected  to  show  nearly  so  much  power  per  square  mile,  as  the  fall  is 
much  less  and  the  country  more  sparsely  settled.  Croeswicks  creek 
shows  4.7 ;  the  Cohansey,  3.6 ;  Metedeconk  river,  3.5 ;  Assanpink 
creek,  3.4;  Maurice  river,  2.8;  Rancocas  creek,  2.3;  Great  Egg 
Harbor,  1.4,  and  MuUica  river,  1.0  horse-power  per  square  mile. 
For  the  entire  State,  taking  the  land-surface  at  7,514  square  miles, 
the  average  is  4.11  net  horse-power  per  square  mile. 

ESTIMATED   VALUE   OF   UTILIZED   WATER-POWER. 

The  total  amount  of  power  in  the  State  is  30,870  net  horse-power. 
If  we  assume  an  efficiency  of  70  per  cent.,  which  is  about  what  is 
obtained  with  good  wheels,  we  shall   have  a  gross  horse-power  of 
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44^100.  In  reality  more  power  is  required  to  ran  the  above  plants, 
as  the  average  efficiency  is  below  70.  Taking  this  power  to  be  worth 
an  average  rental  of  $22.50  per  horse-power  per  annum,  or  about 
two- thirds  the  rate  at  Paterson,  Passaic  or  Trenton,  we  have  a  total 
rental  of  |992,260.  Capitalizing  this  at  10  per  cent,  would  give  a 
value  of  $9,922,500  for  the  water-powers  of  the  State.  If  we  add 
to  this  the  value  of  the  buildings  and  machinery  in  the  903  mills 
using  water-power,  I  do  not  think  the  most  conservative  estimate 
would  make  a  total  of  less  than  $20,000,000  to  represent  the  value 
of  the  water-power  plants  of  the  State. 

In  order  to  fully  appreciate  the  importance  of  this  interest,  how- 
ever, we  must  consider  the  great  wealth  which  has  been  brought  to 
us  by  the  development  of  these  powers.  Paterson,  now  a  city  of 
78,347  inhabitants,  with  large  industrial  interests,  was  created  by  and 
has  grown  up  around  the  water-power  of  the  Society  for  the  Encour- 
agement of  Useful  Manufactures.  Trenton,  with  57,458  inhabitants, 
and  another  of  our  most  flourishing  manufiurtiuring  centers,  was  only 
«  village  when  the  water-power  was  created,  which  formed  the  nucleus 
of  its  rapid  growth  in  population  and  wealth.  Passaic,  with  13,028 ; 
Bridgeton,  with  11,424;  Millville,  with  10,002  inhabitants;  Lkm- 
bertville,  Boonton  and  several  smaller  towns,  owe  their  being  and 
industrial  importance  directly  to  this  cause. 

LARGE  WATER-POWER   PLANTS  OF  NEW  JERSEY. 

Stream.  Location. 

Passaic Paterson 

Passaic... Pansaic 

Rockawav Boonton 

Delaware Lambertville 

South  branch  of  Raritun High  Bridge 47 

Maurice  river Millville 

Delaware Trenton 

Musconetcong Riegclnville 

Musconetcong Warren  Paper  Mills..... 

Great  Egg  Harbor. Mays  Ijanding 

Musconetcong Hughesville 

Passaic Little  Falls, 

Peqiiannoclc Butler 

Rockawav Old  Boonton 

Wading  river Hurrinia... 


Fall  in  feet 

Net  H.  P 

muse. 

66 

1,760 

22 

1,235 

101 

970 

9.5  to  18 

747 

47 

730 

22 

690 

9  to  17 

589 

20 

430 

48 

360 

10 

342 

27 

340 

14 

320 

30 

260 

30 

260 

12 

225 
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APPENDIX  11. 


THE  DRAINAGE  SYSTEMS  OF  NEW  JERSEY. 


AREAS,  PERCENTAGE    OF    FOREST,  POPULATION.       THE   AREAS    AND 

DRAINAGE    AREAS    OF    LAKES    AND    PONDS. 


(49) 


DRAINAGE  AREAS,  FORESTED  AREAS  AND 
POPULATION  (1880)  OF  STREAM  BASINS. 


I   £ 
s 


9i 
s 


WALLKILL,  TO  STATE  LINE 

Pochuck  creek,  to  State  line 

Wawajanda  lake... 

Papakatiog  creek 

Wallkill  to  Franklin  Furnace. 

Morris  pond 

HACKEN8ACK  RIVER,  TOTAL  WATER-SHED 
Hackensack  above  New  Milford 

Hackensack  above  Pascack  creek 

Hackeosack  in  New  York 

Pascack  creek 

Moaqoapeink  creek 

PA89AIC  RIVER,  TOTAL  WATER-SHED 

Passaic  river  above  Dundee  dam 

Passaic  river  above  falls  at  Paterson 

Passaic  river  above  Little  Falls. 

Passaic  river  in  New  York 

Second  river 

Third  river. 

8ADDLS  RIlrsB,  TOTAL  WATSa-8HED 

Saddle  river  in  New  York 

Hohokos  creek  above  Hohokos 

•  Peroeotace  of  portkm  iTing  within  New  Jersey. 


210.1 
63.7 

6.6 
62.2 
81.8 

1.5 

201.6 

114.8 

68.0 

64.U 

28.0 

7.0 

949.1 

822.4 

796.9 

772.9 

148.6 

17.2 

14.4 

60.7 

8.0 

15.7 


f 

H 


20 

66 
64 
14 
51 
66 

*86 
*60 


*44 


10 
28 

*28 


2L 


.11 

n 


84 


(51) 


41 
25 
36 
68 
26 


216 
126 


162 


338 


86 


42 

1,400 

276 

122 

84 

69 


62       GEOLOGICAL  SURVEY  OF  NEW  JERSEY. 


POMPTON  BIVER,  TOTAL  WATER-SHED..... 
RAMAPO  RIVER,  TOTAL  WATER-SHED 

Ramapo  in  New  York 

WANAqUE  RIVER,  TOTAL  WATER-SHED.... 

Wanaque  in  New  York 

Greenwood  lake,  total  water-shed 

Greenwood  lake  in  New  York.... 

PEQUANNOCK  RIVER. 

Pequanncck  above  Macopin  intake.... 

Macopin  lake ^ 

Pequannock  to  Oak  Ridge  reservoir... 

Stickle  pond 

Mossman's  brook  to  Clinton  reservoir. 

Hank's  pond... 

Cedar  pond 

Buck-a-bear  pond 

Dunker  pond 


ROCKAWAY   RIVER,   TOTAL    WATER-SHED. 


Rockaway  above  Boonton 

Stony  brook 

Shongum  pond 

Beaver  brook 

Splitrock  pond 

Green  Pond  brook 

Green  Pond  brook  to  Middle  Forge 
Green  pond  to  outlet 

Rockaway  above  Port  Oram 

WHIPPANY   RIVER 

Troy  brook 

Whlppany  above  Morristown 


J 

a 
§ 

9 


379.9 

160.7 

112.4 

109.6 

28.2 

28.0 

10.2 

84.8 

63.7 

25 

27.6 

1.7 

9.9 

.7 

1.0 

1.2 

2.7j 

1 38.4  i 

I 

118.2. 

12.7; 

2.9 
22.1 

6.3 
16.4 
10.1 

1.7 
29.9 
71.1 
15.2 
26.4 


♦69 
*72 


*83 


*81 


r8 


50 


100 


lOo; 

100| 
lOOj 

70l 
80' 

82: 


65 


98 
87 


82 
90 
36 
34 
55 


I 


3  it 


48 
58 
52 
30 
22 
26 
22 
42 


30 


15 
110 
113 


138 


5 
61 


42 

124 

107 


♦  Percentage  of  portion  lying  within  New  Jersey. 
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Square  miles. 

o 

1 

s 

^ 

Population  per 
Eiquare  mile. 

99.8 

23 

121 

53.6 

26 

140 

9.2 

17.4 

13 

228 

83.8 

24 

338 

22.8 

22 

183 

41.0 

30 

350 

5.0 

44 

70 

1,105  3 

16 

105 

132.8 

25 

83 

42.2 

19 

84 

45.2 

14 

•86 

45.0 

17 

59 

895.2 

13 

93 

61.5 

22 

330 

16.7 

21 

43 

285.7 

9 

78 

49.9 

11 

59 

64.8 

8 

79 

98.8 

12 

75 

191.6 

13 

72 

91.8 

14 

80 

33.0 

39.4 

12 

66 

63.6 

16 

79 

29.1 

276.5 

13 

79 

56  0 

11.3 

563 

6 

81 

PASSAIC   ABOVE  CHATHAM 

Passaic  above  Millington 

Passaic  above  Franklin 

ELIZABETH  RIVER  TO  LAKE  URSINO , 

BAHWAY  RIVER 

Robinson's  branch 

Rahway  river  above  Rahway  city 

West  branch  of  Rahway  above  Orange  reservoir. 
RARITAN  RIVER 

SOUTH  RIVER 

Manalapan  brook  to  junction  with  Matchaponix 

Matchaponix  brook 

Lawrence's  brook  above  weston's  mills. 

raritan  above  new  brunswick 

Bound  Brook,  including  Green  brook 

Middle  brook  above  Chimney  rock 

MILLSTONE  RIVER. 

Beden*8  brook 

Stony  brook 

Millstone  above  forks  of  Stony  brook 

NORTH  BRANCH  OF  RARITAN 

Lamington  or  Black  river 

Lamington  above  Pottersville. 

Rockaway  creek 

North  Branch  above  forks  of  Lamington 

North  Branch  above  Peapack  brook. » 

SOUTH  BRANCH    OF  RARITAN 

South  Branch  to  Califon 

Sou^h  Branch  and  Turkey  brook 

Neahanic  river 
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Spruce  roD,  inclading  Mulhockawaj  creek 

Bndd'8  lake..... 

NAymNK  BIYEB 

Swimmiog  river  above  Bed  Bank , 

Hockhockflon  brook  above  Tinton  Falls...., 

8HBBW8BUBY  BIYXB  TO  SEABRIGHT  BBIDQK , 

WHALE  FOm)  BROOK 

DEAL  LAKE. .., 

6HABK  BIVEB,  TO  BBIDOE  AT  HEAD  OF  BAY. 

WRECK  FOND. 

MANASQUAK  RIVER.. 

Manasquan  above  Upper  Squan  bridge 

METEDECONK  ABOVE  BURRSVILLE. 

North  Branch  of  Metedeoonk. 

South  Branch  of  Metedeconk 

South  Branch  of  Metedeconk  above  Lakewood 

TOMS  RIVER  ABOVE  VILLAGE  BRIDGE. 

Toms  river  above  Ridgway  branch 

Toms  river  above  White's  bridge 

Ridgway  branch 

Union  branch 

Horicon  branch  to  Manchester  pond 

Daveuport  branch  to  Van  Schoick's  mill 

CEDAR  CREEK  ABOVE  VILLAGE. 

Cedar  creek  to  Double  Trouble 

FORKED  RIVER  ABOVE  VILLAGE 

MILL  CREEK  ABOVE  MANAHAWKEN 

WEBTECUNK  CREEK  ABOVE  WEST  CREEK  BRIDGE. 

TUCKERTON  CREEK  ABOVE  TUCKERTON 

MI7LLICA  RIVER. 


i 

1 
§ 

i 

04^ 

I, 

41.2 

16 

88 

4.6 

24 

62 

06.0 

66.4 

11 

58 

11.7 

62 

61 

29.0 

6.1 

86 

151 

6.1 

16.9 

59 

162 

12.8 

29 

118 

80.6 

647 

82 

82 

78.9 

68 

25 

48.2 

29.5 

24.5 

75 

18 

163.8 

94 

17 

58.0 

45.0 

64.9 

30.0 

21.0 

34.0 

55.8 

99 

7 

44.8 

14.7 

98 

7 

19.7 

97 

6 

21.0 

96 

5 

11.9 

93 

25 

569.6 

90 

22 
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Bass  rWer  above  New  Gretna  road 

Wading  river 

East  branch  of  Wading  river. 

West  branch  of  Wading  river 

Mullica  river  above  forks  of  and  including  Batsto ) 
river / 


Atsion  and  Mechescatauxin  to  Batsto. 

Batsto  river  to  Batsto 

Nescochagne  to  Pleasant  Mills 

Hammonton  brook  to  Pleasant  Mills.. 

AB8ECX)N  CREEK  ABOVE  AB3EC0N 


PATOONO  CREEK  ABOVE  STEELMANSVILLE. 

GREAT  EGO  HARBOR  RIVER , 

Great  Egg  Harbor  river  above  Mays  Landing. 
Great  Egg  Harbor  river  above  Wey month , 


Great  Egg  Harbor  river  above  New  Jersey  Southern  \ 


reat  Ege 
railroad. 


Hospitality  branch 

Babcock's  creek,  Mays  Landing 

Deep  run  to  forks 

South  river,  Monroe  forge 

Stephen's  creek  to  Estellville. 

TtrCKAHOE  RIVER .\ 

Tuckahoe  river  above  Tuckahoe 

MAURICE  RIVER 

Buckshutem  creek. 

Manumuskin  creek 

Manantico  creek. 

Maurice  river  above  Millville. 

Maurice  river  above  Landis  avenue 

Maurice  river,  West  branch  to  RoBenhayn. 


s 


168 

188.9 

65.5 

92.1 

221.6 

73.2 
69.1 
35.0 
18.3 
18.3 

22.1 
337.7 
215.8 
192.0 

51.0 

50.5 

21.2 

22.6 

19.0 

10.5 

99.8 

60.2 

386.4 

18.8 

38.7 

38.7 

218.4 

1141 

53.1 


If 


04  «a 


95 

97 
98 
99 

88 


97 

81 
88 
88 


98 


81 
95 
70 


94 
79 
67 
66 


»4 

•5  9 


11 
7 
6 

7 

19 


53 
21 

26 


12 


16 

9 

72 


17 
38 
63 
55 
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Cohanaej  creek  mbove  GridgeLoD 

DELAWABE  BIV'ER  IN  NEW  JEKSBY 

ALLOWAVS  CHEEK    ABOVE   HANCDCK'S   SatDGE., 

Ailonrays  cr«ek  above  Allowa; 

SALXH   CBBKK 

Sklem  creek  above  Sh&rptown 

OLDHjUl'a  UBCBK .„ 

Oldman'i  creek  above  Aubnn. „..„. 

KACXXMK  CBUEK..... 

Raccoon  creek  above  Swedesboro , 

Raocoon  creek  sboTC  MullJca  Hill 

MAHTUA  CRKKK,... 

Mantua  creek  above  Berkelej , 

BIO   tlMBER  PREKK 

North  branch  of  Big  Timber  creek 

Soulh  branch  of  Big  Tioiber  (Ireek 

_^      coopeb's  cbkkk 

Cooper'a  creek,  wuth  branch 

Cooper's  cfoek,  north  braacb 

PF-S8A0KEN  OltBEK... 

South  branch  of  Penmukea 

Norih  hraach  of  Pensauken 

RANCOCAit  CRBSK 

South  branch  of  Rancocaa 

South  branch  above  Vincentown 

North  brandi  of  RaecocaB. 

North  braucli  to  Nev  Lisbon 

Ul  Hiserjr  brook  to  New  Liiboo 


a,8«-8 

^ 

119 

61,8 

J7 

58 

21  B 

113.6 

10 

US 

22.6 

8 

IIS 

44.4 

14 

6i 

26.3 

18 

4S 

17.1 

7 

V. 

341.4 

61 

68 

IBT.l 

57 

40 

143.7 

76 

SS 

31  ? 

75.1 
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ASSISCUNK   CREEK 

black's  creek  to  MANSFIELD  SQUARE  POND 
CR06SWICK8  CREEK 

Crofiswicks  creek  to  Walnford 

Doctor's  creek  to  Yardville. 

Doctor's  creek  to  Allentown 

Back  creek  to  Lowry's  pond 

ASSANFINK  CREEK 

Assanpink  to  Lawrence  station 

Miry  run 

JACOB'S  CREEK 

ALEXSOCKEN  CREEK 

WICKECHEOKE  CREEK 

LOCKATONO  CREEK 

NICHISAKAWICK  CREEK...  

HARIHOKAKE  CREEK 

HAKIHOKAKE  CREEK 

MU8CONETCONO   RIVER 

Musconetcong  above  Hackettstown 

Masconetcong  above  Saxton  Falls.....^ 

Musconetcong  above  New  Hampton 

Musconetcong  above  Warren  Mills 

Lubber's  run 

Lake  Hopatcong 

POHATCONO  CREEK 

LOFATCONO  CREEK 

PSqUEST  RIVER. 

Pequest  at  Townsbury 

Pequest  at  Tranquility 

Beaver  brook 


i 

a 

a 
a 

Percentage  of 
forest 

Population  per 
square  mile. 

45.3 

4 

58 

20.7 
139.2 

20 

52 

79.9 
26.7 
17.3 
8.0 
89.6 

9 

253 

34.7 
18.0 
13.3 

9 

72 

14  9 

18 

60 

26.9 

13 

67 

23.8 

15 

45 

10.5 

13 

45 

10.1 

18 

46 

17.4 

16 

48 

167.6 

89 

71 

74.6 

68.0 

122.4 

149.9 

24.1 

87 

15 

25.4 

94 

30 

56.2 

19 

129 

13.5 
158.2 

18 

58 

83.4 
34.8 
37.1 

18 

47 

^ 
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Beaver  brook  at  Hope 

PAULINSKILL 

Paulinskill  at  Balesville 

Swartswood  lake. 

Culver's  pond 

Long  pond 

FLAT  BROOK 

Big  Flat  brook  to  Forks 

Little  Flat  brook  to  Forks 

♦Delaware  at  Port  Jervis. , 

Delaware  below  mouth  of  Neversink , 

Delaware  at  Water  Gap,  above  Broadhead's  creek. 

Delaware  at  Belvidere,  below  Pequest 

Delaware  at  Easton,  above  Lehigh  river 

Delaware  at  Easton,  below  Lehigh  river 

Delaware  at  Bull's  Falls 

Delaware  at  Lambertville 

Delaware  at  Scudder's  Falls 

Delaware  at  Trenton 

Delaware  at  Philadelphia « 

Delaware  below  mouth  of  Schuylkill 


a 

9 


i 
il 


9.4 

177.4 

66.3 

16.3 

6.8 

2.5 

66.7 

33.0 

16.5 

3,252 

3,600 

4,020 

4,708 

4,880 

6,212 

6,750 

6,820 

6,894 

6,916 

8,186 

10,100 


27 


II 


22 
83 
80 
54 


54 


33 
30 
30 
21 


*  These  areas  of  the  Delaware  water-shed  are  taken  fh>m  Prof.  Geo.  F.  Swain's  report  in  Vol- 
ume 16,  Tenth  Census,  and  appear  to  be  as  nearly  correct  as  existing  surveys  will  admit  of. 


SURFACE  AREA  AND  TRIBUTARY  DRAINAGE 
AREA  OF  LAKES  AND  PONDS. 


-»- 


Area  of  Water   Drainage 
ATLA17TIC  OOUMTY.  Surfkce— Acrei.     Square  KUee. 

Bargaintowo,  lower  pond 73  20.66 

Bargaintown,  upper  pond 57  11.77 

Glooccst^r  lake. 86  23.68. 

Mays  Landing  mill-pond 333  216.8 

Pleasant  Mills,  sonth  pond 61  

Weymouth  mill-pond 206  192 

BEROEN  COUNTY. 

Franklin  lake 89  2.41 

Rotten  pond. 25  1.06 

BUBLINOTON  COXJUTY. 

Atsion  mill-pond 77  43.71* 

Batsto,  east  pond 89  69.7 

Brown's  Mills  pond 45  27.03 

Hanover  Furnace  pond 103  13.12 

Harrisville  mill-pond 101  166 

CUMBEBLAND  COUNTY. 

Bridgeton  mill-pond 86  46.8 

MUWUle  mill-pond 926  218.4 

Willow  Groye  mill-pond 118  

ESSEX  COUNTY. 

Orange  reserroir 64  4.80 

GLOUCEBTEB  COUNTY. 

Clayton  mill-pond 69  7.84 

Malaga  Furnace  pond. 92  27.8^ 

MIDDLSBEX  COUNTY. 

Weeton'sMiUs  pond. 64  46 

•Inclndes  18.02  from  Mechescataujiin  by  a  canal. 

(69> 
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XOmOVTB  OOUVn.  Surlue— Acr 

Comolske. » BO 

DMdlalM- 1« 

UlTtt  lake H 

Spring  Uke IS 

Burnt  lake 18 

TkkaiMaee  lake  (While  pond) W 

Weiltriake 18 

KOItBIl  OOUXTT. 

Bodtfdate.. 476 

benmuk  pond ITS 

Dixoa'apond 8S 

Durham  pood 47 

Green  pood 4flO 

HopatooDg  like %44S 

Middle  For^  pond H 

Bfoowbaek  pond SI 

PMosbOTg  mill-pood,..                                           63 

Shoognm  pond. 70 

SpUtiockpond SI6 

SUcUapwid. 110 

OCZUI  00T7VT7. 

Cmnljo  Uke  (Ukewood) 97 

Cook's  pond 22 

LillleSiWerlakc    16 

!MauiIiawlLCD  mill-pood.. 98 

Old  Sam'a  pond. 


Twilight  lake 21 

PABBAic  couwrr. 

Buckabear  pond 69 

Cedar  [lond,  recentlj  enlarged 216 

Charloltejburgh  mill-pond 42 

Clintan  rederroir— Newark  water  works. 423 

Dunker  pond 17 

Dundee  lake               224 

Oreen wood  lake  (total  area) 1,920 

Hank's  pond 76 

Macopiii  lake 29S 

Mud  pond 28 

Negro  pond 69 

Oak  Ridge  reservoir,  Newark  water  work» 383 

Pompton  Uke        196 

Bb^pard's  pond.  97 

Tice'spond 20 
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Area  ot  Vila   Ditiiugt  Ant/— 
SALEiC  COURTV.  SniftM— Aerea.     Sqiiu*  mica. 

AUoway  mill-poDd 122  21.» 

Bmt  poDda 38  .68 

Bockmlre  pond 10  .76 

Csifishpond   neu  Still waUr) 14  .40 

Cnoberry  rtgavoii. IM  3.02 

CalTer's  pond 486  fl.S 

Davis  pond 14  M 

t)ecker  pood  {Pochuck  mountain) 76  .SS 

Fnuiklin  Fiimace  pon(J.„ 66  818 

Hewitt's  pood                   36  6.18 

Hopewell  FarDBce  pond. 24  1.01 

Howell's  pond 88  .21 

HunfB  pond 87  2.12 

IlifTB  pond 36  3.38 

LuMPa  pood,  or  Orinnell  lake 67  1.16 

Litlle  pond  (S  waits  wood) 100  311 

Long  pond  (near  Culyer's  Gap) 299  2.6 

Long  pond  (near  Andover) 117  476 

Long  pond  (KiCIatinny  mount^nj 13  .46 

Loaee  pond 137  

Mnrcia  late 28  .14 

Mubipacong  pood 46  .77 

MorriB  pond 186  1.6 

Moil  pond  (Hiimbiirg  inonnUin)„ 28  .36 

P.nthtr  pond         41  .47 

Quick  pond 43  .60 

Roe  pond 23  

Rooodpond  (Kittationy  mountain) 33  .29 

Sand  pond  {near  Ctderille) 66  .66 

Sand  pond  (Hambarg  n  "   ' 

Stiig  piincl. 
Sianbope  t 

Stickle  pond 85 

Sinker  pond B5 

SwariBWOod  lake 605 

Tortle  pood 13 

Waterloo  pond 68 

Wawayanda  lake 240 

White  Uke 17 

White's  pond 11 

Wright's  pond 31 
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Area  of  Water  Diainage 

'WiJtBBN  OOUKTY.                              Sorfkoe— Acrei.  Square  Milat. 

Ailamuchy  pond 56  1.80 

Catfish  pond 81  .66 

Cedar  lake  (near  Blairstown) 27  1.25 

GloTer*8pond 13  .28 

Green's  pond 117  5.15 

Sand  pond 14  .69 

Shoster  pond. 14  .64 

Silver  lake. 35  3.87 

Sunfish  pond. 41  .31 

White  pond 67  .67 
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[Where  **m**  precedes  PM>«  number  it  indicates  Appendix.] 

A.  PAGE. 

Abeecon 279 

Abeecon  Creek 279,  a43y  a ... 

Absorption  bj  Various  Soils ■ 331 

Decrease  of  Floods  bj 346 

Increase  of,  due  to  Forests  or  Cultivation 346,  347,  348 

Acidity  of  Southern  New  Jersey  Waters 258,  264,  299,  300 

Adams,  G.  C,  &  Co 132 

^tna  Furnace 272 

Alexsocken  Creek 246,301,  al3,  a67 

Allamuchy  Pond 139,  a62 

Allentown 251 

Alloway 262 

Alloway*s  Creek •.261,  a  39,  a  56 

Ambrose*s  Brook 218 

American  Society  of  Civil  Engineers,  Transactions  of. 45,  70, 231,  232 

Ammonia,  Free  and  Albuminoid 304 

Analomink  Creek,  Pa. 230 

Analyses,  Chemical,  Place  of,  in  this  Report 7 

Proper  Uses  of. 297,298 

of  Streams  of  the  State. 299, 306 

Interpretetion  of. 303,306 

Annual  Reports  Since  1890  Tentative 3 

Ansonia,  Conn.,  Water-Power  at 325 

Applications  of  this  Report 9,10 

Archsean  Formation,  Description  of. 349 

Areas  of  Water-Sheds,  Lakes  and  Ponds a49-a62 

Asbary,  Water-Power  at 146 

Asbury  Park , 317 

Assanpink  Creek 249,  a  57 

Utilized  Power  upon a7,  a34 

Assiscunk  Creek 252, a35, a57 

Asylum  for  Insane,  at  Morris  Plains 315 

Trenton 316 

Atco,  Average  Annual  Precipitation  at 14 

Percentage  of  Precipitation  in  each  Season  at 15 

E  (65) 
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AtkioBOD,  Asher » •••.••..•  10 

Atlantic  Citj,  Avenge  Annaal  Precipitatioa  At. 14 

Pexoentage  of  Prteipitation  in  etch  Setson  at ...•..•.  15 

Wate^appljof. , 817 

Atlantic  Coast  Streams  (see  Coast  Streams). 

Atlantic  Highlands S17 

Atsion • 28S 

Atsion  Biver,  or  ICoUlca  Biver SH32,  288»  aH  *^ 

Average  Year  not  a  Natural  Year. 21,  293 

Averages,  Uselessness  of  in  Studj  of  Stream-Flow ..•...••.  S 


Babb,  CyruB  C,  Pi^r  bj. 70 

Babcocies  Creek.... 278, 279.  a43,a55 

Back  Creek 261,  800,  a84 

Baker's  Mills,  Water-Pewer  at 188 

Baleville,  Water-Power'at. 184 

Baltimore,  Md.,  Average  Annaal  Precipitation  at 14 

Percentage  of  Precipitation  in  each  Season  at ....•• 15 

Bargaintown 279 

Bamegat,  Average  Annaal  Precipitation  at •...  14 

Percentage  of  iPredpitation  in  each  Season  at u 16 

Barrett's  Junction,  Mass.,  Water-Power  at • 326 

Bass  River. 282,a44 

Batsto 279,  281,  282,  283 

Batsto  River,  Comparison  of  Gaugings  of. 124 

compared  with  Great  Egg  Harbor 275 

Gaugings  of 281 

Water-Supply  and  Power  of 282,283 

Utilized  Power  of. a44 

Drainage  Areaof a55 

Bajonne.. 315 

Beach  Glen 186,189 

Bear  Ponds 142,193,a58 

Beattie's  Dam 164 

Beaver  Brook,  Warren  County 136,  140,  alO,  a61 

Becquerel,  M 380 

Beden's  Brook 222,  a30,  a53 

Belleville,  Pumping  at 159 

Water-Power  at 162 

Bellow's  Falls,  Vt.,  Water-Power  at.... 326 

Belvidere,  Gaugings  at,  Water-Power  at,  &c 136, 137,  138, 140,  245 

Water-Supply  of. 316 

Bennett's  Mills 288 

Bethlehem,  Pa.,  Average  Annual  Precipitation  at. 14 

Percentage  of  Precipitation  in  each  Season  at 15 

Beverly 316 

Big  Piece  Meadows  (see  Great  Piece). 
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Big  Timber  Creek,  Description  of. 257,  a56 

Water-Sapply  of. 257 

Water-Power  of. 257 

Water-Power  Developed  upon a37 

Birkinbine,  H.  P.  M 104 

Birmingham,  Burlington  County 254 

Conn.,  Water-power  at..... 326 

Black  Meadows  on  Wbippany 163 

Black,  or  Lamington  Biver 223,  225,  a30,  a31,  a63 

Black's  Creek 252,  a35 

Blairstown 315 

Bloomfield 315 

Bloomfield  Mills,  Water-Power  at 221 

Bloomingdale. ^ 179,181 

Blooming  Qrove,  Pa.,  Average  Annual  Precipitation  at 14 

Precipitation  bj  Seasons  at 15 

Bloomsbury,  Water-Power  at 143,  146, 147 

Blue  Brook 219 

Boards  of  Health,  Vigilance  of. 1 

Bolton  le  Moors,  England,  Evaporation  at 34 

Boonton,  Water-Power  at 182, 187,  a23 

Gaugings  at 183 

Proposed  Water-Supply  of. 318 

Bordentown,  Water-Supply  of. 251,  316,320 

Boston,  Mass.,  Evaporation  from  Water-Surface  at 35 

Bonnd  Brook,  Heavy  Rainfall  near 43 

Gaugings  at. 209 

Flow  of  Stream 218 

Water-Supply  of  Village 219,315 

Boyd's  Corners  Reservoir 53 

Branchville,  Water-Power  at 136 

Brass  Castle  Creek 141 

Bridgeton,  Water-Supply  of 262, 316 

Water-Power  at 263 

Bridgeville,  Water-Power  at 140 

Brown's  Mills 254 

Brush.  Charles  B 103,  201 

Buckhorn  Creek 140 

Buckshntem 270 

Budd's  Lake 225,  226,  a54,  a60 

Bull's  Island 244 

Burlington 316 

Burnt  Mills 225 

Burrsville 288 

Bushkill  Creek,  Eaaton,  Pa. 230 

Bushkill,  Pa. 230 

Butzville,  Water-Power  at 140 
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Califon 225^22$ 

Gamden,  Water-Snpply  of. 809.810,  819y82C^ 

Capacity  of  Water-Sheda,  EBtimatoB  Should  be  CooaerrmiiTe .4,  298-;|96 

limited  by  Flow  of  Driest  Period..... 4^  2934(M 

Sammaiy  of  Eatimated. 851, 8S2 

Gape  May,  Average  Annual  Precipitation  at. •.•......  14 

Precipitation  by  Seasons  at • •  15 

Water-Supply  of '. 817 

Gape  May  County,  Streams  of. 271,  a42 

Ckrpentersyille^  Water-Power  at •         141 

Cedar  Greek,  Ocean  County 284,  a5l 

Cedar  Grove,  Essex  County 168 

Cumberland  County  (Cedar  creek  by  error) 268 

Cedar  Pond 178,179 

Cedar  Swamps  (see  Swamps). 

Cedar  Swamp  Water. 258,264 

Goitre  Bridge,  Oaugings  at. 285 

Centreton 270 

Charles  Biver,  Greatest  and  Least  Flow  o£ 108 

Cbarlottesburg,  Water-Power  at 181 

Chatham,  Flow  of  Passaic  at. 160 

Chemical  Analyses  (see  Analyses,  Chemical). 

Chester,  Prof.  Albert  H 800 

Chestnut  Branch  of  Mantua  Creek •• 259 

Chews  Landing 259 

Chicago  IlL,  Per  Capita  Consumption  of  Water  by 820 

Chlorine  in  Water 304 

Christiana  Creek,  Del 280 

Clark,  Lewis  D 216 

Clementon 258 

Climatology  of  New  Jersey,  Best  Source  of  Information 12 

Snowfall  Becorded  in 29 

Heavy  Kainfalls  Recorded  in 43 

Climate,  Effect  of  Ground-Water  upon 342 

Clinton  Falls 178 

Clinton  Reservoir  180,  a60 

Clove  River 148,  al6 

Coast  Streams,  Average  Rainfall  of,  by  Months. 17 

Temperature  upon  Water-Sheds  of. 114 

Rainfall  and  Evaporation  of. 120,  121,337 

Description  of.  Details  of. 263-291 

Tables  for  Computing  Flow  of. 265,  266,267 

Temperature  of,  by  Seasons 276 

Spring  and  Summer  Rainfall  and  Evaporation  of 337 

Flow  from  Ground- Water  on 340,341 

Summary  of  Estimated  Flow  of. 351,352 

Utilized  Power  on  Small a 7,  a42,  a48 

Cochituate  Lake,  Analysis  of  Waters  of 802 
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Cohansey  Creek 262,  a 7,  a40,  a56 

Cohoes,  N.  Y.,  Water-Power  at. 326 

Cold  Spring,  Cape  May  County 271 

Cole,C.  B 137 

Commissioners  of  State  Water-Supply,  Report  of. 179,  302, 303 

Concord  River,  Greatest  and  Least  Flow  of. 103 

Conclusions  from  Study  of  Gaugings 100 

as  to  Stream-Flow;Priefly  Stated 350-352 

Connecticut  Water-Shed,  Annual  Precipitation  of. 14 

Rainfall  on,  Gaugings  of,  Description  of. 50-52 

Yearly  Rainfall,  Flow  and  Evaporation  upon 73 

Summer  and  Winter  Flow  and  Evaporation  upon  .  79 

Observed  and  Computed  Flow  from 98 

Greatest  and  Least  Flow  of 103 

Analyses  of  Waters  of. 302 

Consumption  of  Water  by  Water-Sbeds .*. 318 

in  1882  and  1894 4, 319 

Per  Capita 319,320 

Estimated  Future 5,  320, 321 

Control  of  Small  Gathering-Grounds 207,313 

Cook,  George  H 26, 205 

Cooper's  Creek. 256,  a37,  a56 

Cornwall,  H.B 302 

Corrosive  Action  of  Waters 259,299 

Coryell,  Martin 234 

Cramer,  as 143 

Cranberry  Reservoir 142,  146,  193,  a6l 

Cranford 207,317 

Cressman,  Levi 141 

Cretaceous  Formation,  Description  of 350 

Croes  and  Howell 142, 156,  173,  187, 193,  194,195 

Croes,  J.  J.R 103,  142, 156,  232,328 

Crop  Areas  and  Water  Required  for 36, 37, 38 

(See,  also.  Vegetation.) 

Crosswicks,  Water-Power  at 251 

Croiswicks  Creek,  Description  of,  Flow  of. 249-252,  a  57 

Analyses  of. 300,  302 

Utilized  Power  on a7,  a34 

Croton  Water-Shed,  Average  Annual  Precipitation  of 14 

Rainfall  on,  Gaugings  of.  Description  of. 53-57 

Yearly  Rainfall,  Flow  and  Evaporation  upon 73 

Summer  and  Winter  Flow  and  Evaporation  upon 78 

Computed  and  Observed  Flow  from 87 

Greatest  and  Least  Flow  from 103 

Dry-Period  Yield  of. 295 

Analysis  of  Waters  of. 302 

Cultivation,  Effect  of,  on  Stream  Flow 347 

Culver's  Lake 132, 136,  » 61 

Cutshaw,  W.  E 104 
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DftveDport  Bnmdi. —....»•• S86^  28T 

BMdBlTor. %» 

Bed  Irnkm,......^ 889, %(» 

Dedcer  Pond. 160,  a61 

Dmskertown,  W«t«r-Power  at...... 14^ 

Water-Supply  of SIS 

De^pavaaly  Wet  Lands  of. ; 161^ 

Deep  Bon,  Atlantic  Coontj. STS^al^ 

Middlesex  Coonty.... .'.tSO^aSS 

Salem  Coanfy aSS^ 

Delaware  Biver,  Gompariton  of  QangingB  of. ISIr 

Description  of,  FlowoL SSd-MI^ 

Source  of  at  Stamford  (Hobart  l^  error,  see  Enata). ........         9SS^ 

Gompated  Flows  of,  at  Centre  Bridge^.... S8& 

Table  for  Gomputii^  Flow  of. 4 289 

Water-Snppl J  of,  Water-Power  of 941,918 

Floods  on,  Least  Flow  of. lOS,  8S1,8IS 

West  Branch t» 

East  Branch 280 

BafUng  on „.. 2K^ 

Stages  of. 28S 

Pollution  of. , 241,  807, 80S,  309 

Analyses  of  Waters  of. ..i SO^  SOS 

Cities  Supplied  from... SIS,  817,  SIS 

Summary  of  Estimates  of  Flow  of. 861,352 

Utilized  Water-Power  on a5,  al8,  a46 

Drainage  Areas  of a58> 

Delaware,  Upper  Valley,  Rainfall  Stations  of..... 15 

Average  Bainfall  of,  by  Months 17 

Temperature  of. 113 

Rainfall  and  Evaporation  of. 114,121 

Delaware  Above  Trenton,  Average  Rainfall  of,  by  Months. 17 

Temperature  of. 114,121 

Delaware,  Central  Valley,  Temperature  of. 113 

Rainfall  and  Evaporation  of. 115,121 

Red  Sandstone  Branches  of. 245 

Delaware  Bay,  Head  of. 22^ 

Utilized  Power  on  Small  Branches  of. 229,  a  7,  a  39-41 

Delaware,  Lower,  Average  Rainfall  of,  by  Months. 17 

Temperature  of 113 

Delaware,  Branches  of,  Trenton  to  Camden,  Average  Rainfall  by  Months.....  17 

Temperature  of. 114 

Rainfall  and  Evaporation  of. 118,  121,  337 

Details  of. 249-255 

Table  for  Computing  Flow  of. 250 

Ground-Flow  of 340,341 

Delaware,  Branches  of,  Camden  to  Bridgeton,  Average  Rainfall  by  Months..  17 

Greatest  and  Least  Flow  of. 103 
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Delaware,  Branches  of.  Temperature  of. 114 

Bainfalland  Evaporation  of. 119,121,337 

Description  of,  Details  of. 256-263 

Tables  for  Computing  Flow  of. 267 

Ground-Flow  of 340, 341 

Delaware  and  Raritan  Canal,  Power  on 217,  al4,  al5 

Description  of. 226-228 

Distances  and  Elevations  on 228 

Delaware  Falls,  Great  Flood  at 237 

Demand  for  Water,  Large  Prospective 4,  5,  6,  320 

Den  Brook a  24 

Denmark  Pond 189,  a  60 

Dennisville. 271 

Dividing  Creek a  41 

Dixon's  Pond 184, 186,  a60 

Doctor's  Creek 261,  a  34,  a  67 

Double  Trouble 285 

Dover,  Del.,  Average  Annual  Precipitation  at 14 

Dover  Forge,  Ocean  County 285 

Dover,  Morris  County,  Water-Supply  of. 315 

Gaugingsat 182 

Water-Power  at 188 

Drainage  of  Pequest  Meadows 137,138 

of  Passaic  Valley 151,  163, 165 

of  Hackensack  Marshes 204,206 

of  Salem  Marshes 261 

of  Maurice  Biver  Marshes 271 

Effect  of,  upon  Vegetation 338,  340,  342,317 

Effect  of,  upon  Ground-Flow 347 

Drake's  Brook 225,  a33 

Drown,  T.  M 306 

Dry  Periods,  at  New  York  and  Philadelphia. , 18 

Discussion  of 19,20 

Typical 19 

Selection  of  Driest 108 

Estimate  of  Passaic  Flow  for  Typical 109 

at  Philadelphia  Adopted  as  Typical 113 

Extreme  Droughts  Probably  Local , 102,  158, 268 

Occurrence  of.  Almost  Yearly 152,211 

not  so  Severe  on  Coast  Streams 268 

Observed  Flow  During,  Compared  with  Computation 293, 296 

of  Last  Century 329 

Effect  of,  upon  Forests 338 

Effect  of  Forests  upon  Flow  During. 346, 348 

Effect  of  Cultivation  upon  Flow  During 348 

Bainfall  and  Flow-Off  During  Driest  Eighteen  Months 361 
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DuDdee^  Dam  tt •.«.. ....•• 160 

Floods  at. 15S 

Water-Power  at. 161,  al8 

Water-Power  and  Land  Companj..... 161,  887, 918 


East  Jersey  Water  Company 176, 179 

Easton,  Pa.,  Average  Annual  Precipitation  at. «  14 

Flow  of  Delaware  at. HI 

Water-Power  at M6 

East  Orange ••         815 

Eayrstown 8B5 

Edwards  Bon a88 

Eggert's  Grifit-MiU « SIB 

Egg  Harbor  Qty 818 

Electric  Transmiasion  of  Water-Power ; 9,888 

Etevation,  Value  of. .....>. » *—•••••         811 

Elizabedi  River,  Description  of,  Flow  o^  Ac • •         806 

Analysbof  Water  ot • ....••         801 

Utilised  Power  on. a4,  a6,a87 

Drainage  Area  of. a68 

Elizabeth,  Water-Supply  of. 806,  817,819,880 

Ellisburg , 866 

Ellis,  T.  G 108 

Emdrup,  Denmark,  Evaporation  at. 88 

Emery,  Charles  E 881 

Emmons  Station,  Water-Power  at 184 

Engineering  News 318,319 

Englewood 815 

Estellville 277,278 

Evaporation,  Part  of  Rainfall  lost  by 11 

Use  of  Term  to  Include  Demands  of  Vegetation 11 

Most  Useful  Data  for  Ascertaining 32 

from  Water 33,  36,  381 

from  Earth 34,333 

from  Long  and  Short  Grass 33 

Yearly,  from  Oaugings 73 

for  a  Given  Annual  Precipitation 74 

Formula  for  Yearly,  on  Croton,  Sudbury  and  Passaic 75 

Computed  and  Observed  Annual,  for  Sundry  Streams 76 

General,  Formula  for  all  Streams 76 

Formulae  for  Streams  Examined 77 

Summer  and  Winter,  from  Gaugings 78 

Formulae  for  Seasonal.  79,335 

Formulae  for  Computing  Monthly 80 

in  Southern  New  Jersey 247 

on  Coast  Streams 276 

The  Laws  which  Govern 329-340 
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£yaporatioD,  from  Various  Soils 331 

Rainfall  just  Equal  to 336 

Spring  and  Summer,  for  Typical  Years. 337 

Effect  of  Vegetation  upon 332-335,344 

Effect  of  Cultivation  upon 347 

F. 

Fairton 263 

Fanning,  J.  T 33,41 

Farrago  Forge 285 

Field,  John  D 216 

Filtration,  Natural,  on  Coast  Streams 282 

Province  of. 298 

Finesville,  Gaugings  at,  Water-Power  at 143, 146 

Fisher,  William 208 

Fitzgerald,  Desmond,  C.E.,  Evaporation  Observed  by 34 

Flat  Brook,  Description  of,  Water-Supply  of,  Water-Power  of. 131,  a7,  a8,  a58 

Flatbrookville,  Water-Power  at 131 

Flemington,  Water-Supply  of. 225,  315,320 

Floods,  Discossion  of 42,44 

of  September,  1882,  on  Passaic  and  Raritan 43, 153, 154, 155 

Effect  of  Distribution  of  Rainfall  on 44 

Conditions  which  Produce  Heavy 237 

have  not  Increased  in  Volume. 216,237 

Small,  upon  Southern  New  Jersey  Streams 248 

Effects  of  Forests  upon 346,  346, 348 

Effect  of  Cultivation  upon 348 

Flow-Off  of  Different  Water-Sheds  during 346 

(See,  also,  Passaic,  Raritan,  Delaware,  <&c.) 

Flow,  Necessity  for  a  New  Theory  of. 2 

Yearly,  from  Gaugings 73 

Formula  for  Water  Available  to  Produce 77 

Summer  and  Winter  from  Gaugings 78, 79 

How  to  Compute 83,126 

Formula  Tested  by  Trying  Conditions 91 

Accidental  Flood-Flow  Not  Useful 95 

Theory  of.  Explains  and  Agrees  with  Engineering  Practice 3, 101 

Greatest  and  Least,  of  Streams,  Table 102, 103 

Maximum,  Affected  by  Configuration  of  Water-Shed 1 05 

Curves  of,  from  Ground  Storage 83, 125 

Tables  of  Estimated,  Explained 9, 10, 128 

Estimated,  of  Kittatiny  Valley  and  Highland  Streams 129, 130 

of  Passaic  River 157 

of  Red  Sandstone  Streams 198, 199, 200 

of  Delaware  above  Trenton 240 

of  Delaware  Branches,  Trenton  to  Camden 250 

Camden  to  Bridgeton 257 

of  Coast  Streams 265, 266, 267 
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Flow,  CkmditioDs  whidi  ^odooe  £ztrem6B  of.......*.......^ .•••••—••         07 

Maarfmpin,  not  Incroaaiiig , ^ S1<S| 

Least  Monthly  and  Mhilmqm  OomiMured 891, 298; 

Fluctoationa  of,  Gomparad ..••^••..  891, 29S 

Beported  Decrease  of.... •.•.••••         34S 

Sommarj  of  Ckmdaaioiia  aa  to. 860^  85S 

Foreeta,  Action  of  on  Stieam-Flow... 86,  dSS^  886, 842.817 

on  QretA  "Egg  Harbor  Birer.... •• ^ 272 

M.  Beoqnerel  on  Effect  of. ••••• • ••         88(^ 

I^ect  of  Dry  Perioda  apon„ > .....•••....••.         889 

Effect  o^  upon  EraporatioD. 881, 88& 

Sanitary  Effect  oL 817 

Compared  with  CiiltiTation  and  Barremteaa  in  EflSMSla. 848 

Percentage  o(  on  Watersheds.... a51-a58 

Forked  Biver. 284^  a4S 

Fonnations,  Geological,  in  Belation  to  Stream-Flow... 848-880 

Formnln^  for  Evaporation,  on  Sndbory,  Groton  and  Paaaaic 75, 77, 79, 80 

QeneraL ; 78,77,80 

More  Accurate,  Posnble. •.••••••         877 

Defects  o^  on  Coast  Streams. .....'. 274,274 

Purely  Empirical .-.<.... 2K 

for  Evaporation  by  Seasons. 881 

Fonl  Biit,  Water-Power  at '. 245 

Franklin  Fnrnaoe,  Water-Supply  at 148 

Water-Power  at... 148 

Fraser,  James.... 178 

Fredericksburgh,  Va.,  Water-Power  at 827 

Freedom  Furnace,  Water-Power  at 174 

Freehold,  Average  Annual  Precipitation  at 14 

Water-Supply  of. 317 

Freezing  Weather,  Effect  of. 82,86,158 

Frizell,  J.  P 108 

Fteley,  Alphonse 45,108 

G. 

Gaugings,  Lack  of,  and  How  Supplied 1,2 

A  Collection  of  Long-Series 44, 72 

Stated  in  Inches  of  Rainfall 44 

Beliability  of.  Discrepancies  of.  Explained 44 

Relation  between  Rainfall,  Evaporation  and  Stream  Yield,  based 

upon 45 

Analysis  of. 72 

Conclusions  from  Analysis  of 100 

of  Batsto 281 

Connecticut 50 

Croton 58 

Delaware 285, 289 

Great  Egg  Harbor. 278 
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Gangings,  of  Hackensack 202 

MoflconetcoDg.. 144 

NeBhaminy 65 

Paasaic 62,162,163 

Paulinskill 13a 

Pequest 137 

PequanDOck 176 

Perkiomen 67 

Potomac 70 

Ramapo. 167,168 

Bancocas. 253 

Raritan^ 209,211 

Rockaway 182,188 

Sndbary 45 

Tohickon 62 

Wanaque 173 

Geological  Survey,  United  States,  Observations  by 70 

Geology  of  State  in  Relation  to  Stream-Flow 348 

Glassboro 318 

Glen  Gaidner 226 

Gloucester 317 

Goffle  Creek a  19 

Goshen,  N.  Y.,  Precipitation  by  Seasons  at 15 

Gould's  Rift 243 

Gravelly  Run a43 

Gravity  Supply,  Value  of. 311 

Towns  Having 315,317 

Great  Egg  Harbor  Water-Shed— 

Greatest  and  Least  Flow  from 104, 272 

Comparison  of  Gaugings  of. 124 

Description  of,  Flow  of. 272-279 

Gaugings  of. 273 

Rainfall,  Evaporation,  Storage,  Depletion, 

Computed  and  Observed  Flow  of. 274 

Flow  of  Compared  with  Batsto 275 

Water-Supply  of. 277 

Water-Power  of. 278 

Analyses  of  Waters  of. 300 

Utilized  Water-Power  on a7,  a43 

Drainage  Areas  of. a55 

Great  Piece  Meadows  on  Passaic 151, 164 

Greenbrier  Creek,  Least  Flow  of. 104 

Green  Brook,  Branch  of  Passaic a20 

Raritan 218,a29,  a53 

Greenleaf,  James  L.,  C.E 76 

Green  Pond... 184,  a52,  a60 

Brook 184,a24,a52 
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Oreen'8  Pond 189,att 

Branch.. •        alO 

Greenwich,  Average  Annual  Precipitation  at... 14 

Greenwood  Besenroir,  N.  Y • 171 

Lake 172, 174^  176, 19^  194^  a52,  a61 

Grenloch .«• 258 

GrinnellLake a61 

Groond- Water  (see  Storage,  Ground). 

Groveville 251 

Guttenburg. 815 

H. 

Hackensack.... 815 

Biver,  Least  Flow  of! 108 

Comparison  of  Gaugings  of. .....         128 

Description  of;  Flow  of...... 201-205 

Gangings  of  at  New  Milford. .•.••.*••*••         208 

Water-Supply,  Water-Power. .*«.....'. 208,204 

Utilized  Power  of. ««,  a26 

Meadows,  Drainage  of. 201,204,205 

Drainage  Areas  of. a51 

Water  Company,  Be-organised.. 208;  811^  819 

Hackettstown,  Water-Power  at,  Ac 148,146^147 

Water-Supply  of «...  801,816 

Haddonfield 256 

Hainesburgh,  Gaugings  at,  Water-Power  at 182, 184 

Hakihokake  Creek „ 246,al4,a67 

Hale's  Brook,  Least  Flow  of 103 

Hamburgh,  Water-Power  at 148 

Hamden 226 

Hammonton  Brook 283, a44,  a55 

Hank's  Pond 178, 179,  a62,  a60 

Hanover  Furnace 255 

Hardness  of  Water 299,306 

Harihokake  Creek 246,  al4,a57 

Harlow,  J.  H 104 

Harmony  and  Lower  Harmony 140 

Harrington  Park 204 

Harrisia 288 

Harrison 315 

Harrisonville 260 

Hartford,  Conn.,  Gaugings  at.. ....  50 

Hasenclever,  Peter 329 

Haynes  Creek , 254,  265,  a  36,  a 56 

Hering,  Budolph 244 

Herron,  James 104 

Herschel,  Clemens 103,176 

High  Bridge 826 
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Highlands,  Excellence  of  Water  of  the 6,  296,  SIS 

Danger  of  Pollution  of  Streams  of  the 306, 311 

Areas  of  Water-Sheds  and  Supplying  Capacity 318 

Co-extensive  with  Archsean  Formation 349 

Highlands  and  Kittatinnj  Valley,  Rainfall  Stations  of. 15 

Precipitation  by  Seasons  of 16 

Average  Rainfall  of,  by  Months. 17 

Snowfall  of. 29, 32 

Crop  Areas  and  Water  Required 37, 38 

Temperature  of. 113 

Rainfall  and  Evaporation  for 114, 121 

Streams,  Description  of. 127 

Tables  for  Computing  Flow  of. 129, 130 

Pollution  of  Streams  of. 307 

Rainfall  and  Evaporation  Equal  for 336 

Spring  and  Summer  Rainfall  and  Evap- 
oration of. 337 

Ground-Flow  of. 340,341 

Summary  of  Stream-Flow  of 351,352 

Hightstown 818 

Hobart,  N.  Y.  (should  be  SUmford,  see  Errata) 229 

Hoboken,  Water-Supply  of. 203,  815,  319, 320 

Hoffman,  F.  G 143 

Hohokus,  Water-Power  at 166 

Hohokus  Creek 165, 166,  al9,  a51 

Holland  Station,  Water-Power  at 245 

Honesdale,  Pa.,  Average  Annual  Precipitation  at. 14 

Hopatcong  Lake,  Peculiarities  of  Rainfall  Record  at 13 

Average  Annual  Precipitation  at 14 

Precipitation  by  Seasons  at. 15 

Precipitation  at,  1846-1869 25 

Storage  of. 142 

Description  of.  Uses  of,  &c. 145 

as  Connected  with  Morris  Canal 191, 193,  194, 196 

Area  and  Drainage  Area  of. a57,  a60 

HospiUlity  Branch 277,  278,  a55 

Hongh,  F.  B 330 

Howell,  Geo.  W 103,  142, 156 

Hunter's  Mill 272 

Hunt's  Pond 139,  a61 

Huntsville,  Discharge  of  Pequest  at 139 

Hunt,T.  F 189 

Hurfiville 259 

Hntton,  W.  R 104 
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Imlaydale  Mills ^ ..  14t 

IndiAn  Beserroir,  N.  Y 171 

IngenoU,  W.  H. 148 

J. 

JackBonborgh  Branch,  Least  Flow  of. « HM 

JameBbaig 880,01 

Beform  School  at. 316 

James  Biver,  Va.  Least  Flow  of. .....•.•••....         104 

Jenkins,  Qeo.  E m....... lO^lOS 

Jersey  City,  Water^apply  of. 169,  00$,  810,  319,  S» 

K. 

Kanawha  Biver,  Greatest  and  Least  Flow  ot 104 

Kansas,  Bainfall  and  Evaporation  in 380^888 

Kean,  J.W '. 185 

Kearny 316 

Keener,  L  B. ••• 187 

Kerr,  W.  C. 101 

Ketcham's  Mills ...«         137 

Keyport w •         317 

Einkora  Creek.... a36 

Kirkwood,  Jas:  P. 100 

Kittatinny  Valley  (see  Highlands  and  Kittatinny  Valley). 

Description  of 127,  128,349 

L. 

Lackawaxen  Biver,  Pa. 230 

Lahaway  Creek a  84 

Lamington  River 223,  225,  a30,  a53 

Lake  Hopatcong  (se^  Hopatcong  Lake). 

Lane's  Mill,  Ocean  County 288 

Lakes,  Area  of a59 

Lakewood 218,316 

Lambertville,  Snowfall  at 29,32 

Water-Power  at 243,244,al4 

Water-Supply  of. 246.315 

Lane's  Pond a61 

Lawrence's  Brook 221,  a28,  a53 

Analysis  of  Waters  of. 301 

Lawrenceville  School , 316 

Leeds,  Albert  R  302, 303, 304, 306 

Lee  Meadows 163 

Lehigh  and  Hudson  River  Railroad 139,149 

Lehigh  Coal  and  Navigation  Company 191 

Lehigh  River,  Pa 230 

Liberty,  N.  Y.,  Average  Annual  Precipitation  at 14 
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Little  Falls  on  the  Passaic 160 

Flood  of  September,  1882,  at 156 

Water-Supply  at 159 

Water-Power  at '. 162, a20 

Little  Pond  (Swartswood) a61 

Little  York 315 

LockatODg  Creek al3,  a57 

Lockport,  N.  Y.,  Water-Power  at 826 

London  Company 329 

Long  Branch 316 

Long  Pond,  near  Culver's  Gap a61 

near  Andover a  61 

Kittatinny  Mountain. a  61 

LoDgwood,  Lower 188 

Upper 188 

Loomis,  H.. 103 

Lopatcong  Creek 140,  al3,a67 

Lord,  Estate  of  J.  Couper 192,  a23 

Losee  Pond 148,  a61 

Lower  Delaware  Region,  a  Rainfall  Division  of  State 15 

Precipitation  by  Seasons  of  ( Delaware  Bay) 16 

Average  Rainfall  of,  by  Months 17 

(See  Delaware,  also). 

Lubber's  Run 142, 146,  a  13,  a  57 

Ludlam,  James 168 

Luxembourg  Improvement  Company 183 

M. 

Macopin  Intake,  Gbiugings  at 177 

Dam  at  180 

Lake 178,  179,  180,  a52,  a60 

Madison 316 

Mahwah  Reservoir,  N.  Y 171 

Manalapan  Brook 220, a28, a53 

Manahawken  Creek  or  Mill  Creek 284,  a45, a64 

Manantico  Creek 270,  a  41,  a  65 

Manasquan  River 288,  a  7,  a  47,  a  54 

Manchester,  Ocean  County 287 

Mantua  Creek 259,  a38,  a66 

Mantua,  Water-Power  near 259 

Manual  of  American  Water  Works. 318 

Manumuskin  Creek 270,  a  41,  a  56 

Mary  Ann  Furnace 256 

Massachusetts  Board  of  Health,  Sudbury  Gaugings  from  Report  of 46 

Analyses  from  Report  of. 302,304,306 

Matchaponix  Brook. ...a28,  a63 
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Maurice  Biver,  Least  Flow  ot 10# 

Description  of,  Flow  oil 26^-271 

Analysis  of  Water  of. • • 800 

Utilised  Power  of. »7,»41 

Dndnage  Areas  ofl ...••••••••••••••• a6& 

Mays  Landing.  Gaogings  at ......•••. •••         27t 

Flow  at,  Water-Sapply  and  Power  at 272,877,87$ 

Pond  at. aSO 

Mays  Landing  Water-Power  Company 27$ 

MechanicBTille  Beservoir,  N.  Y. ....• ...••         171 

Mechescataazia  Creek. 283^  a5& 

Merchantville Sl$ 

Merrimac  Biver,  Greatest  and  Least  Flow  oil lOS 

Analysb  of  Water  of. 802 

Merriman,  Mansfield 282 

Metedeconk  Biyer. 287, 288,  a7,  a«7,  a54 

Metropolitan  District,  Population  and  Qrowtk  of.... b 

Water  needed  to  Supply. • $ 

McLaary,D.H 10,218 

Microscopic  Analysis,  Proper  Place  of. 297,298 

Middle  Branch  Beservoir,  N.  Y 88 

Middle  Brook  near  Bound  Brook. 219,  a58 

Middle  Forge. 189 

Mill  Brook,  Middlesex  County 218 

Milford,  Huntenion  County,  Water-Power  at. 245,248 

Millington,  Flow  of  Passaic  at 160 

Millville,  Water-Supply  of. 269, 316 

Water-Power  at.... 269,  a41 

Millstone  River,  Ground-Storage  of 20$ 

Description  of,  Flow  of. 222 

Analysis  of  Waters  of. 300 

Utilized  Power  of a7,  a29 

Draioage  Areas  of. a5$ 

Milltown,  Middlesex  County 221 

Morris  County 225 

Millville  Manufacturiog  Company 269,  a41 

Mine  Brook,  Somerset  County aSl 

Mississippi  River,  Computed  and  Observed  Evaporation  for 76 

Missouri  River,  Computed  and  Observed  Evaporation  for 76 

Monroe  Furnace 277,278 

Montclair 816 

Montville  Brook a24 

Moorestown,  Average  Annual  Precipitation  at 14 

Water-Supply  of. 255,316 

Morris,  Anthony  J 258 

Morris  Canal  and  Banking  Company 191 
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Morris  Canal,  as  Affecting  Musconetcong  River 141-14& 

as  Affecting  Wanaque  RiTer 172, 17S 

as  Affecting  Rockawaj  River 183, 187 

Description  of,  Flow  of.  Power  of. 190-196 

Heights  and  Distances  on 191 

Morns  Plains,  Asjlum  at 315 

Morris  Pond 147,a61,a61 

Morristown,  Water-Power  at ,.., 190 

Water-Supplj  of. ^...... 315 

Morrisyille,  Pa.,  Average  Annual  Precipitation  at 14 

«  ■ 

Percentage  of  Precipitation  in  each  Season  at 15 

Mountain  View,  Proposed  Dam  at 159 

Mount  Basha  or  Monbasha  Lake 171 

Mount  Holly,  Water-Supply  of. 254 

Mount  Misery 255 

Mount  Misery  Brook 254,255 

Muddy  Run ..270,  a  42 

Mud  Pond,  Hamburg  Mountain 148,  a61 

near  Bloomingdale a  60 

Mullica  River,  Description  of,  Flow  of. 279-284 

Water-Supply  of,  Water-Power  of. ,, 282 

Utilized  Power  of. a7,  a44 

Drainage  Areas  of. a54,  a55 

Musconetcong  River,  Greatest  and  Least  Flow  of 103 

Comparison  of  Gaugings  of. 122 

Description  of.  Flow  of. 141-147 

Gauging^  of  1890, 1891 144 

Water-Supply  of. 145 

Water-Power  of. 146 

Analysis  of  Water  of. 300 

Pollution  of. 307 

Utilized  Power  of a7,  all 

Drainage  Areas  of. , a57 

Musquapsink  Creek 204,  a26,  a51 

N. 
Nacote  Creek 282,  284,  a  44 

Nantuxent  Creek a  41 

Navesink  River 290,  a  27,  a  48,  a  64 

Negro  Pond  Reservoir 171 

Nescochague  River 282,  283,  a65 

Neshaminy  Water-Shed,  Average  Annual  Precipitation  at 14 

Rainfall  and  Stream-Flow  upon,  Description  of....      65, 67 

Yearly  Rainfall,  Flow  and  Evaporation  upon 73 

Summer  and  Winter  Flow  and  Evaporation  upon,  78 

Computed  and  Observed  Flow  from 92 

Greatest  and  Least  Flow  of 104 

Drainage  Area  of. 230 

F 
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Neshanic  RiTer:.^.. 226»  aSS,  t^U 

Ketherwood,  Wtib  at^ 201^817 

Keme  River,  N.  C^  Least  Flow  of. ; ,         IM 

New»mk  Eiver,  N.  Y. ...« SM 

Kewerk,  Average  Annaal  Predpitation  at IS 

Peroentige  of  Predpitation  in  eadi  Seaaon  at U 

Pieoipitatioa  at,  1848-1892. 81 

Snowfall  at. 20^88 

Heavy  BainfUla  at 48 

Water49apply  of. 159, 179, 180^815,  819,819 

JSew  Bmmrwick,  Avenge  Annual  Precipitation  at. 14 

Percentage  of  Precipitation  in  eaoii  Beaton  at...............  18 

Precipitadon  at,  1854-1892. 27 

Snowfall  at. 81,88 

Floods  on  Raritan  at 218 

Water-Power  at. 217,211 

Water  S^ipply  of.. 217>  801, 815^  819,889 

Kew  Gemmntown,  Average  Annual  Precipitation  at • «....  14 

New  Hampton 4 145,146 

Kew  Jowej  Land  Reclamation  Gompanj. 291 

Kew  Jers^Bouthem 'Railroad. ^ ..«••....  277.278 

Kew  Lbbon 254^255 

Kew  Market. 818 

Kew  Milford,  Gaagings  at,  Water-Sopply  at 202,291 

Kewton,  Average  Annual  Precipitation  at 14 

Water^pplj  of 148,818 

Kewtown  Creek  (Newton  bj  error) aS7 

New  York,  N.  Y..  Rainfall  Record  at 12 

Average  Annual  Precipitation  at 14 

Percentage  of  Precipitation  in  each  Season  at 15 

Dry  Periods  of  Record  at 18 

Precipitation  at,  1836-1892 23 

Snowfall  at  Receiving  Reservoir. «....      30,32 

Department  of  Public  Works  of.  Commissioners'  Report.  53 

Per  Capita  Consumption  of  Water  by 320 

Nichisakawick  Creek 246,  al4,  a57 

Nitrates  and  Nitrites 306 

Nolan's  Point 193 

Norfolk  and  New  Brunswick  Hosiery  Company 217 

Norfolk,  Va.,  Average  Annual  Precipitation  at 14 

Normahiggin  Brook 207,  a27 

North  Bergen 315 

Nutley 315 


O. 

Oakland,  Water-Power  at 172 

Oak  Rid^e  Reservoir 179, 180,a60 

Occum,  Conn.,  Water-Power  at 325 
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Ocean  City 317 

Ocean  Grove. 317 

Ogden  Mine  Railroad 193 

Ohio  Biver,  Observed  and  Computed  Evaporation  for 76 

Least  Flow  of. 104 

Oldman's  Creek. 260,  a39,  a56 

Opennaki  Lake 184 

Orange,  Water-Supply  of. 206,  301,  315,319 

Reservoir 206,  a  59 

Ordinary  Dry  Years,  Discussion  of. 20, 21 

Types  of. 20 

Precipitation  of. 21 

Flow  of,  for  Nine  Months. 162,  211, 293 

Oswego  River  (see  Wading  River,  East  Branch). 

Ownership  of  Small  Ghithering-Grounds. 207,313 

Oyster  Industry  on  Maurice  River 269 

P. 

Paleozoic  Formation,  Description  of. 349 

Palermo 271 

Palmyra 316 

Paramns 166 

Parsippany,  Heavy  Rainfall  at 43 

Pascack  Creek 204,  a26,  a61 

Passaic  Gty,  Water-Supply  of. 159 

Water-Power  at 327 

Passaic  Falls 150,163 

Paasaie,  Lower,  Pollution  of 309,310 

Passaic,  Upper,  Pollution  of 307 

Passaic  Water>Shed,  Value  of  Gaugings  upon 2 

Average  Annual  Precipitation  on 14 

Average  Bainfall  of,  by  Months 17 

Gaugings  of,  1877-1893 67-62 

Yearly  Bainfall,  Flow  and  Evaporation  upon 73 

Summer  and  Winter  Flow  and  Evaporation  upon 78 

Observed  and  Computed  Flow  from 89 

Greatest  and  Least  Flow  from 103 

Estimate  of  Flow  from,  for  Typical  Dry  Periods 109 

Temperature  of. 114 

Bainfall  and  Evaporation  of. 117, 121,  332,  336,  386,337 

Description  of,  Flow  from 160-190 

Stages  of  Flow  of. 162 

Floods  of. 153, 166 

Dry-Season  Flow  of. 166 

Table  for  Computing  Flow  of 157 

Water-Supply  of. 159 

Water- Power  of. 161 

Drainage  Works  on,  Wet  Lands  of. 163    .^» 


> 
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Paflsaic  Watershed,  Diy-Period  Yield  of. 29^ 

AnalTses  of  Waten  of. 801,  IMS,  808 

Popalation  Supplied  from 818 

Spring  and  Sammer  Bainfall  and  Evaporadon  of. 887 

Flow  from  Groond-Water  of. 840,841 

Summary  of  Bainfall  and  Flow  of. 861,852 

Utilised  Power  of. ^ 46  al7 

Drainage  Areas  of.. • a51 

Patoong  Greek S70,  a43,  a56 

Paterson,  HeaTj  Bainfall  at ; 48 

Water-Supply  of. 159, 816  819/82(^ 

Water-Power  at 168,887 

Paulina,  Water-Power  at 184 

Paulinskill,  Greatest  and  Least  Flow  of. 104 

Comparison  of  Gaugings  on 121 

Description  of,  Flow  of. 181-186 

Gaugings  of,  1890-92. 188 

Water-Supply  of,  Water-Power  of. 184 

Utilised  Power  of. a6,a8 

Drainage  Areas  of. a58 

Peapack  Brook.. • 286^  a81 

Peckman's  Brook 168,a20 

Peltier,  N.J 188 

Pemberton,  Gaugings  at 258 

Water-Supply  of. 818 

Pennington 315 

Pensauken  Creek 255,  a  56 

Pequannock  Biver,  Greatest  and  Least  Flow  of. 103 

Comparison  of  Gaugiogs  of. 122 

Flood  of  September,  1882,  on 155 

Description  of.  Flow  of. 175-181 

Gaugings  of. 176, 177 

Possible  Beservoir  Sites  on 179 

Analysis  of  Waters  of. 301 

Pollution  of. 807 

Utilized  Power  of. a6,  a21 

Drainage  Areas  of. a52 

Pequest  Biver,  Greatest  and  Least  Flow  of. 104 

Comparison  of  Gaugings  on 122 

Description  of  Flow  of. 186-140 

Analysis  of  Waters  of. 800 

Gaugings  of,  1890-91 187 

Utilized  Power  of. a6,  alO 

Drainage  Areas  of. a58 

Perkiomen  Water-Shed,  Pa ,  Average  Annual  Precipitation  on 13 

Description   of,    Bainfall    and   Stream-Flow 

upon 67-69 

Yearly  Bainfall,  Flow  and  Evaporation  upon..  74 


'41.' 
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Perkiomen  Water-Shed,  Pa.,  Summer  and  Winter  Flow  and  Evaporation 

upon 78 

Computed  and  Observed  Flow  from 94 

Greatest  and  Least  Flow  from... 104 

Analypis  of  Waters  of. 302 

Perth  Amboj,  Water-Supply  of. 220,316 

Petersburg,  Water-Power  at 189 

Peter's  Valley,  Water-Power  at 131 

Petroleum  Pipe  Line  on  Pequannock 179 

Philadelphia,  Pa.,  Rainfall  Record  at 12 

Average  Annual  Precipitation  at 14 

Precipitation  by  Seasons  at 15 

Dry  Periods  of  Record 18 

Precipitation  at,  1825-1892 29 

Reports  of  Chief  Engineer  of  Water  Department  of. 

62,  65,  67,  302, 303 

Dry  Period  at.  Adopted  for  Typical  Dry  Period 113 

Proposed  Water-Supply  for,  from  the  Delaware 241 

Dry  Period  more  Severe  than  on  Coast  Streams 268 

Per  Capita  Consumption  of  Water  by 320 

Phillipsburg,  Flow  of  Delaware  at 241 

Water-Power  at 245 

Water-Supply  of. 316 

Physical  Examination  of  Water-Sheds  Important 7, 298 

Pitman  Grove 259 

Plainfield 317 

Plant  Growth  (see  Vegetation). 

Pleasant  Mills 282 

Pleasant  Mills  Paper  Company 283 

Pohatcong  Creek,  Description,  Water-Supply  and  Power  of.....  140, 141,  a 6,  a  11,  a 57 

Point  Pleasant 318 

Point  Pleasant,  Pa.,  Mouth  of  Tohickon  Creek  at 63 

Flow  of  Delaware  at. 241 

Water-Power  at 244 

Pollution,  Sewage,  Necessity  of  Avoiding 7,297 

Analyses  of  Water  Containing 303 

of  New  Jersey  Streams 306-311 

Pompton,  Falls  at,  Water-Power  at,  &c 167, 170, 172 

Pompton  Feeder 194 

Pompton  Lakes,  Water-Power  on  Wanaque  at 174 

Pompton  Plains 159 

Pompton  River 151 

Flood  of  September,  1882,  on 155 

Water-Supply  of,  Possible  Reservoir  on 159 

Analysis  of  Waters  of. 302 

Drainage  Area  of. a52 

Pompton  Steel  and  Iron  Company 168, 194 

Pophandusing  Creek 140 
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Popoktion  Sapplied  with  Water,  1882-1894 « 4-41^81^ 

ErtinuUed  to  be  Sapplied  to  1M4.. ......••  821 

of  Dndnage  Areas ai^ 

Port  Jerrifly  N.  Y.,  Average  Annnal  Predpitatioii  at. • 18 

Predpitatioii  by  Seaaons  at.. lb 

Flow  of  Delaware  at..l , 242 

Water-Power  at 245- 

Port  Oram,  Oaugings  at • 188- 

Water-Power  at —••...  188 

Port  EepubUc • 282, 284 

Port,  J.  P ^  176 

Potomac  Water^Shed,  Description  of,  Bun&ll  and  Stream-Flow  upon.........  70, 72: 

Yearly  Rainfall,  Flow  and  EhraporatUm  npon^ 74 

Summer  and  Winter  Flow  and  Evaporation  upon......  7^ 

Computed  and  Observed  Flow 96* 

Greatest  and  Leart  Flow  upon..... ......  104 

Pottenville 225- 

PowerviUe,  Water-Power  at 188 

Preakness  Brook  Wet  Lands- 168- 

Predpitation  (see  Bainfall). 

Prince,  John  B 10 

Princeton 816 

Pomping,  Cort  of. 811,812 

Parity,  Standard  of. 299 

Dr.  Leeds' , 802 

R. 

Raccoon  Creek 260,  a39,  a56 

Rahway,  Water-SuppIy  of. 206^ 

Rahway  River,  Description  of,  Flow  of. 206 

Analysis  of  Waters  of 301 

Utilized  Power  of. a6,  a27 

Drainage  Areas  of. a5$ 

Rainfall,  How  Disposed  of 11 

Climatology  of  New  Jersey  the  Best  Authority  as  to 12" 

Cycles  of  High  and  Low. 12 

Cotemporaneous  Records  only  Should  be  Compared 12, 13 

Danger  of  Placing  too  much  Confidence  in  Single  Record  of.. 12^ 

Average  Annual,  Deduced    from  Annual    for  Cotemporaneous 

Periods 14 

Decrease  of,  away  from  Coast Id- 
Distribution  of,  by  Months 17 

Extremely  Light,  Probably  Local 102, 158,268 

Peculiarities  of,  on  Coast  Streams. 268- 

Just  Equal  to  Evaporation 336 

Needed  to  Support  Vegetation 336 

Spring  and  Summer,  for  Typical  Years '. 337 

Average  and  Driest  Calendar  Year  and  Driest  Eighteen  Months...  351 
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Ramapo,  N.  Y.,  Gaagings  at 167 

Reservoirs  at 171 

Ramapo  River,  Greatest  and  Least  Flow  of. 103^ 

Ck>mparison  of  Gaugings  of. 122 

Flood  of  September,  1882,  on 165 

Description  of,  Flow  of. 166-172 

Gaugings  of. 167, 168,16^ 

Possible  Reservoir  Sites  on 171 

Analysis  of  Waters  of. 301 

Pollution  of 30a 

Utilized  Power  ot a6,  a2l 

Drainage  Areas  of. a52 

Rancocas  Creek,  Description  of,  Flow  of. 262-255 

Gaugings  of. 263 

North  Branch  of. 254 

South  Branch  of. 264,265 

Analysis  of  Waters  of. 301 

Utilized  Power  of a27,  a35 

Drainage  Areas  of a66 

Raritan,  Water-Supply  at 217,315 

Water-Power  at 217,  327  a28 

Bay,  Small  Branches  of. 291,  a7,  a43 

Raritan  Landing 213,  214,217 

Raritan  Water-Power  Company.... 217,327 

Raritan  Water-Shed,  Average  Rainfall  of,  by  Months. ^ 17 

Greatest  and  Least  Flow  from 103,212,215 

Temperature  of. 114 

Rainfall  and  Evaporation  of 116, 121 

Comparison  of  Gaugings  on 123 

Flood  of  1882  Compared  with  Passaic ,  163,215 

Description  of.  Flow  of. 207-226 

Gaugings  at  Bound  Brook 209,  210,211 

Floods  of 212-217 

LeastFlow  of. 212 

Water-Supply  of,  Water-Power  of. 212 

Analysis  of  Water  of. 30O 

Utilized  Power  of. a6,  a28 

Drainage  Areas  of a63 

Raritan,  North  Branch 223,  226,  a6.  a30,  a63 

Raritan,  South  Branch 226,  226,  a6,  a31,  a63 

Red  Bank,  Monmouth  County 290,316 

Red  River,  Observed  and  Computed  Evaporation  for 76 

Red  Sandstone  Plain,  a  Rainfall  Division  of  State 15 

Precipitation  by  Seasons  of. 16 

Average  Rainfall  of,  by  Months. 17 

Crop  Areas  and  Water  Required 37 

Temperature,  Rainfall  and  Evaporation  of.....ll3, 116, 121, 337 
.    Description  of  Streams  of. 196,197 


88  INDEX. 


Red  Sandstone  Plain,  Table  for  Oompoting  Flow  of  Streams  of. 198,  IM,  200 

Pollution  of  Streams  of. 809,811 

Spring  and  Sammer  Rainfall  and  Evaporation  of......         987 

Gronnd-Flow  of. 840^841 

Description  of. 850 

Summary  of  Stream-FJow  of 851,81^ 

Reform  School 816 

Repaupo  Creek a88 

Reports,  Annual,  Since  1890,  Tentative 8 

Reservoirs,  Storage,  Draught  on  to  Furnish  Fourteen  Inches  Annually, Ill 

(See^  also,  the  particular  stream  or  class  of  streams,  Flow,  Estimated, 
StG. ;  nee,  also.  Storage,  ArtiBcial.) 

Resources,  Hydraulic,  of  State  Always  Included  in  Work  of  Survey 1 

Water-Supply,  Excellent 4 

Ridgefield 816 

Ridgway  Branch /. .....288,  287,  a  54 

Ringwood  Iron  Works,  Water-Power  at 175 

Rider's  Table  of  Water  Consumption •  86 

Riverdale,  Qaugings  at 176 

Riverside 818 

Riverton 316 

Rivervale. • •....         204 

Robinson's  Branch .206,  a27,  a68 

Rockawsy  Creek. 224,  225,  a80,  a5S 

Rockaway  River,  Flood  of  September,  1882,  on 185 

I>eecription  of,  Flow  of. 181-189 

Gaugings  of. 182, 183 

Population  of. 185 

Possible  Storage  Reservoirs  on 186 

Water-Power  of. 187 

Analysis  of  Waters  of. 301 

Polluiionof. 186,307 

Utilized  Power  of. a6,  a23 

Drainage  Areas  of. a62 

Rock  Creek,  Md.,  Greate&t  and  Least  Flow  of. 104 

Roe  Pond 150,  a  61 

Kosenhayn 270 

Round  Pond,  N.  Y 171 

Roxiticus 224 

Royce's  Branch 222 

Rutherford 315 


S. 

Saddle  River,  Description  of,  Water-Supply  of. 165,  a51 

Water-power  of 166 

a  Red  Sandstone  Stream 197 

Utilised  Power  of. a7,  al8 
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Salem,  Salem  County 261 

Salem,  Union  County,  Power  at. 206 

Salem  Creek,  Water-Supply,  Water-Power,  Drainage 260,  a39,a56 

Sand  Pond,  near  Hamburg 148,  a61 

on  Kiltatinny  Mountain 148,  a  61 

Sandy  Hook,  Average  Annual  Precipitation  at 14 

Saxton  Falls,  Flow  of  River  at 143 

Schuylkill  River,  Qreatest  and  Least  Flow  of 104 

Drainage  Areas  of 230 

Dry-Season  Flow  of. 230 

Analyses  of  Waters  of. 303 

Seabright 317 

Seacoast,  Rainfall  Stations  of. 13 

Precipitation  by  Seasons  of 16 

Average  Rainfall  of,  by  Months 17 

Temperature  of 113 

Sea  Isle  City 318 

Season,  Percentage  of  Annual  Precipitation  in  Each 15, 16 

Temperature  of  Each,  and  Eflfect  of. 80,  276 

Formuin  for  Evaporation  in  Each 335 

Seaville 271 

Second  River. 162 

Selection  of  Sources  of  Water-Supply 296, 297 

Sewage  Pollution  (see  Pollution). 

Shark  River 289,  a47,  a54 

Sharptown 261 

Shenandoah  River,  Greatest  and  Least  Flow  of. 104 

Shoal  Branch 283 

Shongum  Pond 184,  a52,  a60 

Short  Hills. 317 

Shrewsbury  River 290,  a  48,  a  64 

Six-Mile  Run 222 

Slaughter  Pond  Reservoir 171 

Smith  and  Jenkins 182 

Smith,  E.  F 104 

Smith's  History  of  New  Jersey 237 

Smith,  H.  J 173 

Smith,  D.  H 234 

Snowfall  of  Sute,  Discussion  of. 29,  32 

Society  for  Establishing  Useful  Manufactures 162,327 

Soils,  Absorbent  Capacity  and  Evaporation  for  Various 331 

Temperature  of,  Affected  by  Ground- Water 340 

Held  by  Forests 344 

Solid  Matter  in  Waters 303 

Somerset  County,  Areas  of  Crops  and  Water  Required  in 37 

Somerville,  Average  Annual  Precipitation  at 14 

Water-Supply  of. 315 

South  Amboy 316 
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Sootli  Branch  of  Raritan  (see  Baritao).  tabe. 

Southern  ]>iTide,  Bainfidl  SUiioiis  of^... ^ 14 

Precipitetion  hj  Seasons  of......*........*...*.. i.......  1^ 

Average  Bainfiill  of  b7  Months. 17 

Temperature  of. • •..•...•.•.•.•.....•.....•.         11$^ 

Southern  New  Jersey  Cities  Increanng  in  Slse^ •••••.J 4t 

Sonthem  New  Jersey  Streams,  Description  of 217,248: 

Sonthfield  Beservoir 171 

Soath  Orange,  Average  Annual  Precipitation  at • .....•» 14^ 

Water^pply  ol ......^.•........•. 816 

South  River,  a  Branch  of  Great  Egg  Harbor....... ....277, 278,  a55> 

South  Biver,  a  Branch  of  the  Baritan,  Dssoription  of,  Flow  <d,  Ae.....« 219-2211 

Developed  Water-Power  of.  Drainage  o£. ....••••...... a 6^  a28,  a(^ 

Spader,  P.  V^  Record  by SI,  216 

Speedwell  Furnace 286 

SpUt  Bock  Pond. 184, 189,  a52,  a6(^ 

Springtown,  Water-Power  at..... 141 

Sproul,  Cyrus  F 10" 

Spruce  Bun. ..•.....••••.•••••.•......226,  a33,  a54 

Staats,P.D lO* 

Stamford,  N.  Y.,  instead  of  Hobart  (see  Errata)..... 229^ 

Standards  of  Purity 299,802: 

Stanhope  Beservoir 142, 144, 146, 196 

Steam-Power,  Cost  of  Installing  and  Operating. J 821, 824 

Economy  of  Auxiliary 826 

Steams,  Frederic  P. 46 

Stepheosburg,  Water-Power  at. 148)  147 

Stephen's  Creek 277, 279 

Sterling  Lake,  N.  Y 172,  173, 174 

Stickle  Pond,  Morris  County 178,  a52,  aGO* 

Sussex  County a61 

Stillwater,  Water-Power  at 134 

Stockton,  Gaugings  at 239* 

Stonehouse  Brook 178 

Stony  Brook  at  Plainfield 218 

Stony  Brook,  near  Princeton 222,  223,  a29,  a63^ 

Storage,  Artificial,  Draught  on  to  Furnish  Fourteen  Inches  Annually HI 

Most  Trying  Dry  Periods  upon 112,  113,  351 

Needed  on  Highland  and  Kittatinny  Valley  Stieims. 129,130 

on  Passaic  Biver 157 

Possible  Beseryoirs  on  Bamapo  Biver. 171 

on  Pequannock  Biver 179 

Beservoirs  of  East  Jersey  Water  Company 180 

Possible  Beservoirs  on  Bockaway  Biver 186 

Needed  on  Bed  Sandstone  Streams 198, 199,  200 

on  Delaware  Biver 24(K 

on  Streams,  Trenton  to  Camden 250 

on  Streams,  Camden  to  Bridgeton 257 

on  Coast  Streams 265,  266,  26T 
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Storage,  Artificial,  at  Millville. 26» 

in  Southern  New  Jersey,  Shallow 277 

Needed  to  Maintain  Average  for  Driest  Months 291, 352 

Computed  Yield  With,  Verified  by  Gaugings 29a 

Economy  of,  for  Water-Power,  Cost  of. 328 

Daily  Yield  of  One  Square  Mile  with 362 

Storage,  Ground,  The  Reservoir  which  Maintains  Streams  and  Vegetation...  11 

Discussion  of. 39,  42,  389,  342 

Eflect  of,  on  Streams. 40,  81 

Rate  of  Flow  from,  for  Given  Stages  of  Depletion 88- 

Diagrams  of  Flow  from 83, 126 

Depletion  of,  on  Sudbary,  Croton,  Passaic 92 

on  Southern  New  Jersey  Streams 248 

on  Coast  Streams 264 

Absorbing  Capacity  of  Various  Soils. 331 

Rain  Needed  to  Maintain  Full 38& 

Flow  from,  when  Rain  Equals  Evaporation 340 

Depletion  of,  in  Various  Sections  of  State 341 

Effect  of,  upon  Vegetation. 338,  340,  342 

Effect  of  Forests  upon 345,  346,  347 

Effect  of  Cultivation  upon 347,348 

Storage,  Surface,  Effects  of. 42,  33^ 

in  Swamps. 247,  263,  264 

in  Lakes  and  Ponds,  Areas  and  Drainage  Areas a6(^ 

Stow  Creek 262,  a40 

Streams,  Yield  of,  Determined  by  Rainfall  and  Evaporation 44 

Conclusions  as  to  Yield  of.  Based  upon  Gaugings. 46 

Difference  in  Discharge  of,  for  Given  Rainfall  due  to  the  Differ- 
ence in  Temperature 76 

Water  Available  to  Produce  Flow  of 77 

How  to  Compute  Flow  of. 83, 12ft 

Effect  of  Freezing  Weather  upon. 82, 86 

Greatest  and  Least  Flow  of. 103, 108 

Least  Monthly  and  Minimum  Flow  of 291,293 

Computed  Yield  of,  Verified  by  Observations. 29$ 

Average  and  Collectible  Flow-Off  of. 294 

Effect  of  Forests  upon 342,  347 

Summary  of  Estimates  of  Flow  of. 361,852 

Stream-Flow,  Causes  of 11 

Estimates  of,  How  Presented 9, 10 

What  the  Term  Includes 11 

One  of  Several  Related  Phenomena. 10 

How  to  Compute. 83, 126 

Sudbury  Water-Shed,  Average  Annual  Precipitation  on 14 

Gaugings  upon,  Location  of.  Description  of. 45-50 

Yearly  Rainfall,  Flow  and  Evaporation  upon 78 

Example  from,  of  Excess  of  Total   Draught  Over 
Supply 81 
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Sadbiuy  Water-Shed,  Oompated  and  Observed  Flow  from. ........••••...  96 

Greatest  and  Least  Flow  from • IM 

Dry-Period  Yield  o£ 8M 

Analysis  of  Waters  oil. 90$ 

8ufeni,N.  Y ;. 199 

Reservoir 171 

Salpharic  Add  in  Water •.....•.  806 

Summit 816 

Supply  of  Pore  Water  Deoreasing. » 6 

Surface  or  Flood-Flow,  a  Portion  of  Bain&ll , 11,42 

(See,  also^  Floods  and  Flow.) 

Swain,  Cliarles  F. 188 

Swain,  Oeorge  F.» ^ 70^280 

Swamps,  Effect  of. 247,  268,264 

Cedar,  on  Coast  Streams.. 268 

Objectionable  Water  from 299 

Swan's  Creek. 246 

Swartswood  Lake........ 104, 182, 18S,  a88,  a.61 

Branch a9 

Station,  Water-Power  at 184 

Swedesboro 817 

Swedes  Bun a86 

Swimming  River.. 290 

T. 

Talcott,  William  H.,  Record  Kept  by 25 

Taylor,  Stiles  &  Co 143 

Temperature  the  Main  Cause  of  DiflTerence  in  the  Discharge  of  Streams....  75, 335 

Extremes  of,  for  which  Formula  is  True 76 

of  Various  Sections  of  State  and  Correction  for  Evaporation 

due  Thereto 113 

Seasonal,  on  Coast  Streams  and  Effect  of. 276 

of  Red  Sandstone  Plain  and  Highlands  by  Seasons 276 

of  Southern  Interior  and  Coast  by  Seasons 276 

Seasonal,  on  Passaic  Water-Shed 833 

Tennenfs  Creek. 220 

Tenth  Census  of  United  States,  Quotations  from  Vol.  XVI 70,  230, 325 

Theory  of  Stream-Flow,  Necessity  for  a  New 2 

Tertiary  Formation,  Description  of. 350 

Streams  of,  not  Polluted 311 

Thomas  Iron  Company 149 

Tienekill 205 

Timber  Creek  (see  Big  Timber  Creek) 258,  a37,  a56 

Tinton  Falls 291 

Tohickon  Water-Shed,  Average  Annual  Precipitation  on 14 

Rainfall,  Stream-Flow,  Description  of. 63,64 

Yearly  Rainfall,  Flow  and  Evaporation  upon  73 

Summer  and  Winter  Flow  and  Evaporation  upon...  78 
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Tohickon  Water-Shed,  Greatest  and  Least  Flow  of. 104 

Area  of. 280 

Toms  River 286,  287,  a7,  a46,  a54 

Topographic  Survey,  Data  Famished  by  the 14 

Torbett,  Simpson 234 

Townsbury,  Flow  of  Pequeet  at. 138 

Water-Power  at 139 

Townsend  Reservoir 171 

Tranquility,  Flow  of  Pequest  at 139 

Water-Power  at 139 

Treatment  of  Polluted  Waters,  Methods  of. 298 

of  Water  Supplied  to  Cities. 315-317 

Trenton,  Average  Annual  Precipitation  at 14 

Flow  of  Delaware  at. 241 

Water-Power  at 242,  327 

Water-Supply  of 316 

Trenton  Water-Power  Company 242,  243,327 

TriajE«ic  Formation,  Description  of. 349 

Troy  Brook 190,  a25,  a52 

Troy  Meadows 163 

Tr«y,  N.  Y.,  Rainfall  Record  at 12 

Tuckahoe 271,272 

River 271, 272 

Tuckerton  Creek 284,  a45,  a54 

Tumble  Station,  Water-Power  at 244 

Turner's  Falls,  Mass. 326 

Tuxedo,  N.Y 169 

Lake,  N.  Y 171 

Tweeddale,  W 36 

U. 

Union  Branch,  Ocean  County 286,  a  46 

Unionville,  Conn.,  Water-Power  at 326 

United  States  Army  Engineer  Corps,  Gaugings  of  Connecticut  River  by 60 

Report  of  Chief  Engineer  of,  on  Dela- 
ware River 232 

Upper  Delaware  Valley,  Rainfall  Stations  of. 15 

Average  Rainfall  by  Month& 17 

Temperature  of. 113 

Rainfall  and  Evaporation  for 114 

(See  Delaware,  also.) 

Urban  Population,  Increase  of 4,  5 

Ursino  Lake 206 

V. 

Valley  Forge,  Water-Power  at. 188 

Vanderveer,  Lawrence 216 

Van  Schoick's  Mill 287 


TlgaUtiOB,  Pftrt  of  Rsinfall  Absorbed  by U 

Water  Beqalred  by  Vsrious  Crops. H 

in  Bomerset  County,  and  Water  Required  by ST 

ID  Siusei  County,  &Dd  Water  Required  by 38 

Ptobable  Demands  of,  od  Pa»saic  Water-Sbed t9%SSB 

Effect  of,  oD  Evaporation tt8,BIG 

Bftlnfttll  Needed  to  Support tt6 

Effect  of  Oround-Water  upoa 338,  tU,MI 

V«nB«l#,D.  F—  lU 

Vincentown „ „ M^IH 

Viaelaod,  Average  AdqubI  Precipitation  at .^„ _..»  14 

PrecipiUtioD  at,  1868-1892 „ SI 

Pr;  Periods  at _ 9N 

Water-Supply  of. K7 


'Widinc  Utw- ^ 

'WaUkUl  BiTer,  DMcription  of.  Flow  of. „.»...». 

WaI«r-Supplyof. lU 

Waiet-Power  of. ..„......„ .„....„ Itf 

Utilised  Power  of. a7,ftU 

Drainage  Aress  of  ftlt 

Wmlnibnl 181 

WawqiUk  Water-power  it. 174 

"Wuwque  IUtbt,  Oreateat  Flow  of. lOB 

Flood  of  September,  18S2,  on.. 165 

DeKTiplion  of,  Plow  of. 178-176 

QaugingBof. 173 

AoalyHiB  of  Waters  of. 301 

Utiliied  Power  of... »6,a!l 

Drainage  Areas  of. a5i 

Wari,  C.  D.  103 

Ward,  UbbeusB  ..  108,186 

Warren  Paper  Mills,  Water-Power  at 146 

Wttabingion  FvTga,  Waler-Power  at 188 

Waahinglou,  Warrsn  County S15 

Washiogton  Valley  Meadows 16S 

Water  Gap,  Flow  of  Delaware  at S41 

Waler-Power  at.. 24G 

Waterloo 1« 

Water  Power,  BelaltOD  of,  to  Water-Supply 7,  8 

Use  of,  not  l)ecreasing.  8 

Net  Horse-Power  in  Uee,  1870-1890 8 

ElEctrle  TrantmigaioQ  of. * 

Eslimaled  Available  Nine  Mooiha  of  Ordinary  Dry  Year, 

Really  Available  on  Averftgeof  Nine  Months  ..152,  211,  208,3:1 

Relation  of  Gross,  to  Net. 321,  a4 

Operating  Expenses  of. 3S%314 
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Water-Power,  Bental  Valae  of. 326, 328 

Economy  of  Storing  Water  for 328 

History  of  Storing  Water  for 329 

Admissible  Cost  of  Developing 323,324 

Available  Dnring  Nine  Months  and  the  Driest  Month.... 352 

Canvass  of. a3-48 

in  Use  by  Indastries. ad,  a4,  a6,  a7 

Estimated  Value  of  Utilized a4 

in  Uee  by  Water-Sheds a4,  a6-48 

Large  Plants  of  State a6 

'Water-Sheds,  Needed  to  Supply  Metropolitan  District. 6 

Ownership  or  Control  of  Small 207,  313,315 

Daily  Consumption  of  Water  by 318 

V    Summary  of  Flow  from 351,352 

Areap,  Population  and  Forest  of. a  49 

Water-Supply  of  State  Excellent 4 

Increase  of  Population  Dependent  on  Public. 4,  5,  6 

of  State  Nearly  all  from  Streams , 296 

Bank  of  Streams  in  Excellence  for 296,297 

Selection  of  Sources  of. 296-299 

Systems  of  Public,  Classified  by  Sources 315,318 

Growth  of  Public 319,320 

Summary  of  Capacity  of  Streams  for 352 

^ater  Works,  List  of,  in  State 315 

Proposed,  in  Progress,  &c. 318 

Wawayanda  Lake 149,  a  51,  a  61 

Weather  Service,  State,  Assistance  of. 12 

United  States 12,201 

Weehawken 315 

Welch,  Ashbel 43,  212,  231,  232 

Welles  Falls 243 

Wells,  Towns  Supplied  from '. 316, 317 

Wenonah 316 

West  Creek,  Ocean  County 284 

Westecunk  Creek 284,  a54 

Westfield 317 

West  Hoboken 315 

Weston 222 

Weston's  Mills 221 

Westwood 204,318 

Weymouth 277,278 

Whale  Pond  Brook 289,  a54 

Wharton,  Joseph 281 

Whippany,  Water-Power  at 190 

Whippany  Biver,  Meadows  on 151,163 

Flood  of  September,  1882,  on 155 

Description  of.  Flow  of. 190 

Pollution  of. 307 
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Whippany  River,  Utilized  Power  of. a6,  a24 

Drainage  Areas  of ; a5^ 

Whitcomb,  E.  D 104 

White  Haven,  England,  Evaporation  at 34 

White's  Bridge. 287 

Wickecheoke  Creek 246,  a  57 

Willow  Grove,  on  Maurice  River 270 

Woodbury,  Water-Supply  of. 259,316- 

Woodstock,  Water-Power  at 18& 

Woodstown 261,317 

Wreck  Pond 289,  a  54 

Y. 

Yantecaw  River 162 

Yield  of  Streams,  per  Square  Mile 294 

Computed,  Verified  by  Gaugings 294,  295 

Summary  of  Computed 351,352 

(See  Flow.) 
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